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ACCo'nM.iSHMjjrrs 


A omrel.iMon ti.is been dovelopod which exprct.ses turbulent sklit friction 
. 1 - .1 filnction of rroston-tubo rensurctrents taken on the AFDC Transit ton Cone. 
The cotiolation equation ippears below: 

= o.o: 7 :(K^v- b O.S137 X* + 0.1140 r* - o.suq O’ 

Iho corte-i'on.’in.c -.eatter in skin-t i iction coefficient is 1.125/;. .see Kip,. 12 
of t»>e ittaehed report. Hie details Involved In the developnent of Eq. (1) 
oil I'o tound in tlio attached M.S. ihesi.s by A. Nassiriiarand. 

In in.ier to loppire this correlation with pre\iously developed corre- 
l u tons loi I r.Mi.ir skin frictuvi, it is more conveiiieiU to delete the 
duet, -a. I .'ll I*. ri»l'5 pernlts a simple plot of Y'' \s. \*'. klicn T-« is 
, Meted fia tiie dui i.- refitted with only the following equation is 


ebt a l 'i d. 


^ 0.M24 \* - 0.733') 


lie ..•tiespondinn sc liter in skin-l t ict Ion coefficient incieisos onl> slip,ht- 
j j , j I', _ \ plot of this eipiilion is sliown on llie following pai;e .ilonn 

vifi'-.b. 'icM.ii.lN dc'.eloped coirel itions for l.minir bomld.u^ l.uers. As 
is . '.iiU .suT’i.sed, tie turbulent coiielatlon predicts higher valpes.ol 
NAvi-i iM -'oi 1 . -1X011% line of \* . Also, it sliould be noted that the 
uibuiii’t .oirolition is b ised on unshifted wind-tunnel dita. 

\s u-s.uss.d le Nis^irhar.iad’s report, Allen's .orrelacion v.is used to tsji- 

I ' 

■ate s’M-i ! net ion at the natch points where the ful ly-developed turbulent lux-ndar* 

.on- weie isse-ed to eepm. Allen's coirelatlor was found to overestinate 

l ti -it^li points) bv This erroneous value of s'cin tiic- 

( 


COMPARISON OF 

TURBULENT AND LAMINAR CORRELATIONS FOR 11-FT TWT 





tion led to erroneous values of K and sometimes required that a large 

ctl 

portion of the data be rejected. The rejection "criterion is' .that only 

i 

values of K which increased with increasing surfaie distdnce, are valid, 
ef I 

rills IS discussed on pp. 46-53 of the attached report. 
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ROLUMINC TASKS 

■4 

I. In order to obtain an accurate calculation in the boundary- layer- : 

trtn‘>ilipn region, it will be necoss.irv to lepeal the turbulent eil.ii- 

lationiJ using Ecj. (1) or (2) to estimate skin friction at the s.itci! 

points (i.e., the beginning of full\-doveloped turbulent t lov, X > 

■ rp I 

However, this time the Freston-tube pressure*, for Kof^ - 3 X 10^ im! 

Run Xos. 70.726 and 72.748 will he corrected based on the incremerts 

used in correcting the corresponding laminar d.ita. This procedure is 

e\pected to lead to a revision of the coefficients uhich appear in iejs. 

(1) .and (2). The resulting correlation equations will then be n*-! ! ti' 

c.alculate turbulent skin friction at \| . The final series of STW-S 

cilculations of turbulent skin friction will then lie required to proilece 

the correlation v.alue of (C,-). , at The distribution ot (t',-'. i 

t tnrb r ' l tiitli 

icross the tr.insition zone will tlien be taken from tlie ^^\\-S solei ions 
uhi« Ii nitcli riiese solutions will then l<e iisOil in c >it- 

lunct ion uith the correspond ing d ist r i I’li t ions ot limi'iii skin trillion 
inJ 111 intemitt enev function to deline values of ski.i triitiei t! roue'’ 
the regions of boundary-layer transition. 

The revised turbulent correlation will he used to'.etiiei uitii 
the V or respond ing flight correlation to define tllccti'i 'i,‘e*tii i” uni. 
•\CMiolds numbers. , • 

II. Ihe data for each flight will he corrected is u is doin’ tor tne ' i~.i’’ it 
dit.i. The development of turbulent and transitional zone correlations 
ter the flight ilata will then be per f .'rnied . 

HI. Ilie resulting v.ilues of effective froestre.im unit Re\nolds nnnb<Ts will 
be compared for the lamin.ir, t rans i t iona 1 , and turbulent beundar'. uiNer- 
\ best procedure will be leconmended. 
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Scope and Method of Study: The distribution of Preston-tube pressures 
along the surface of a sharp ten-degree cone for different free- 
stream conditions were obtained at the Ames Research Center of the 
National Aeronautics and Space Administration TNASA), This snarp 
ten-degree cone, which was designed by engineers at Arnold Engi- 
neering Development, Center (AEDC), was originally developed to 
detect transition from laminar boundary layers to turbulent boun- 
dary layers. The objective of the present study is to correlate 
Preston-tube pressure measurements within turbulent boundar/ la>e-'s 
with the corresponding theoretical values of skin friction coeffi- 
cient. Three different computer programs were used to analyze the 
data and to solve the boundary layer conservation equations. 

Findings and Conclusions: A new correlation between Preston-tube data 
and turbulent skin friction on a cone has been developed. ~he skin 
friction, which results from using Preston-tube oressures in ohe 
correlation euqation, has a root-mean-square O'ms) error of about 
one percent. This accuracy is comparable to orevious Prestcn-tube 
correlations for pipe flows. In the process of analyzing the Pres- 
ton-tube data it was found that the height above the cone's surface 
of the effective center of the probe is not a constant. In *act, 
the effective height of the probe is a function of: (1) the e<ter- 

nal heignt of the probe's face, (2) wall friction velocity, {31 tne 
wall kinematic viscosity, and (4) Mach number. For a given jni: 
Reynolds number, the effective center of the probe decreases with 
increasing Mach number. Furthermore, the distance of the e*'ecti a 
center of the probe from the cone's surface increases as distance 
from tip of the nose increases. It is also found that effects O’" 
variable fluid properties across the probe's face nay be neclectec 
for subsonic freestream Mach numbers. 
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NOMENCLATURE 

2 speed of sound (F7/S) {.-.Sg^T ) 

2 constant in logarithmic region of mean velocity a: striout^cn 
5.0 (diinensionless) 

c^ skin friction coefficient {2t^/^gU^“) (diirensTonless) 

c^ nondimensional difference between skin friction coefficient 

( ("f.t - ‘=f.c>/'=f,t^ 

‘ oressure coefficient based on the difference between a Pftot 
and static pressure reading ( (Pp - PJ/q^) (dimensionless) 
d geometric oarameter - ft (see Figure 4) 

3 external diamete** of a round Pitot tube - inches 

^eq equivalent external diameter of the oval shaped Pitot orobe 
used in NASA Ames experiments (inches) (see Ecuafcn a, 26'. 

“i Allen's first calibration parameter (see Equation (2.1)) 

(dimensionless) 

■- Allen's second calibration oarameter (see Eouation <.2. 2)) 

(dimensionless) 

Fentar-Stalmacn's first calibration oarameten (see Fauat'cn 
(2.5)) (dimensionless) 

Fenter-Stalmach's second calibration parameter (see Equation 

I 

(2.51) (dimensionless) 
ccnversicn factor (22.I7A LSM-FTy SI 

*• 

1 external neight of face of zr.e oval orcbe 'j.:C9' -nches) 
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nondicensionaT effective center of the Pitot orobe (see Equa- 
tion (3.2)) 

. axial leroth of cone (-li.; inches) 

'•acn number (dimensionless) 

oressure (LBF/FT^) 

dynamic pressure (L3F/FT^) ' 

recovery factor (0.SS4) (dimensionless) 

gas constant (53.35 L3F-FT/LSM-°R *or air) 

Reynolds number for compressible flow based on diameter 0 
(see Equation 4.22) (dimensionless) 

freestream unit Reynolds number - 1/ft (see Equation (-1.3)) 
Reynolds r^umber based on the product of and boundary- 

layer IT, omentum thickness, 

temoerature - ^R 

nondimensionalized temoerature (see Equation (5.4)) 

mean velocity inside boundary layer - FT/S (see Equation (2.S) 

.•elocity at cuter ecce of boundary layer - F~'S 

■elocity calculated f^cm Preston-tube da:a-F~ S 

classica’ wall -shear-stress veTcci ty-FT/S(> - ^ 1 

freestream velocity - Ft/S 

axial oi stance from physical nose of cone - inches 
f'e location witnn tre laminar boundary lave** which nas the 
same Preston-tube pressure as that of the match point (inches) 
(see figure 5) 

3vjr*ace ci stance along the surface of the cone "easjrec with 
'*e*erence to .’irtual cngin - -T 
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surface distance between match point and virtual orig'n - FT 
(see Figure 4) 

surface aistance between match point and tia o* the onysical 
cone - FT (see Figure 4) 

surface distance measured with reference to tip of the ohysi- 
cal cone - FT 

distance along surface of cone from apex to onset of boundary 
layer transition - FT (see Figure 5) 

distance along surface of cone from apex to end of boundary- 
layer transition (see Figure 5) 

logarithm of the square of a Reynolds number based on the 
product Up^ (dimensionless) (see Equation 5.3) 

distance normal to the cone surface - FT 
efrective height of face of Preston-tube which is defined to 
be the height above the wall of an undisturbed streamline 
which has a total pressure equal to the measured Pitot pres- 
sure - FT 

dimensionless shear stress *or compressible, ncnaaiabatic 
flow (see Equation (5.2)) 

Greek Letters 

ocundary layer thickness 

eddy diffusivity for momentum conser/aticn (d’mensionless) 
specific heat ratio (1.4 for air) 
von /Carman constant 9.-1 


kinematic viscosity (FT /S) 
wake-strength parameter 0.5 
density of fluid (L3.*!/FT) 

r 

shear stress (LBF/Ft’) 

cone hal*-angle (5°) (see Figure 3) 

SuDscripts 

at adiabatic wall conditions 
at outer edge of boundary layer 
flat plate 

at initial station of turbulent boundary layer 
calculations 

calculated based on Preston-tube data 
total 

at the wall of physical cone 
at freestream conditions 

ioperscriDts 

eval^atea at tne re-'erence temperature of Scnrer and Sncr 
(see Equation (2.9)) 


CHAPTER I 


INTRODUCTION 

In the area of fluid mechanics, the concept of boundary layer tran- 
sition is still one of the major areas of research. It is an indisputable 
fact that a better understanding of boundary layer transition ^ill fur- 
ther improve the progress of a wide variety of industries. For example, 
the auto industry is one of the major areas of industry that uses the con- 
cept of a boundary layer to design the shape of an automobile. The drag 
coefficient of an> actual automobile may vary from a value of one to 
an ideal value of two tenths depending on the rhape of the automobile. 
Achieving low values of drag coefficient reduces the rate of gas consump- 
tion of automobiles. Another major industry that heavily depends on the 
understanding and control of fluid movement is the aeroscace 'ncustry. 

The aerospace industry uses tne concept of the boundary laye- to design 
airc'aft which meet different missions. The design of wines anc tne pre- 
ciction of important parameters such as lift, drag, and skin friction 
require a good understanding of the boundary layer. The concept of a 
ccundary layer is also used in the turbomachinery incustry ^-id fluic 
power control systems. 

The concept of a boundary layer was first introcuced by Prandtl in 
19C- (1). Tne tern boundary layer is cue to the *act tnat a- t~*n 
of fluid nea'* the boundary of a moving bccy is retarpec oy -'u’d .:s- 
cosity. Boundary lave'* theory can oe illustratec oy ctnsicerirg t-e *'at 
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olate shoMi fn Figure 1.' First of all, one should recognize two dis- 
tinct regions of the boundary layer: (1) a laninar boundary-tayer region 

and (2) a turbulent aoundary-layer region. Tne region that corresponds 
to transition from the laminar boundary layer to the turbulent boundary 
layer is referred to as the transition »-egion. 

The overall objective of this research project is to investigate 
the possibility of using oressure measurements, obtained with Pitot tubes 
resting on the surface of a ten-degree cone, to develop a method whicn 
could be used to characterize the flow quality of a given transonic wind 
tunnel. For a given transonic wind tunnel, the freestream turbulence 
and noise inside the wind tunnel cause appreciable errors and inaccu- 
racies in the results of wind tunnel experiirents. For examole, if a 
given xooel is tasted in different wind tunnels at obstensibly identical 
Macn numoer, unit Reynolds number, and rivTiamic pressure, different values 
of lift and drag, for example, are measured. Ideally, the measurement 
of different variables (e.g., lift and drag) for a given model should be 
'nceoencent of the wind funnel used. However, in oractice this is not 
tne case. If the>‘e were a -^etncd that could be used to characterize the 
‘low quality of ex’ sting wind tunnels, then tne measurements of diffe^'ent 
oarameters and vanaoles for a given model would be consistent and inde- 
pendent of tne wind tunnel that is used to carry out the experiments. 

It IS interesting to note that a satisfactory method nas not yet been 
developed that dan ce used to charaetenze flow quali*/ of a transonic 
wind tunnel. 

”ne soeci'ic objective o* tre work p**esented here’n is to correlate 
'•■estcn-ijbe ors33..re "easure-ents ■•itnin turbulent ocuncary laye-'s cn a 
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^REGION OF TRANSITION. 



Figure 1. 


Flat Plate Boundary Laver 
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sharo ten-degree cone to the corresponding t‘^oretica1 values of the skin 
“’"icncn coefficient. 

In 1975, tests were conducted at «mes Research Center of the National 
Aeronautics and Space Administration (NASA) to obtain the distribution of 
Preston-tube pressures along the surface of a sharo ten-degree cone for 
different freestreara conditions. The Preston-tubes, wnich were used in 
trese tests, were oval-shaped °itot tubes. The cone and apoaratus were 
omarily designed to detect boundary layer transition. The subject 
ccne was designea'by engineers at Arnold Engineering Development Center 
(AEDC). For this reason, this cone is referred to as the AEDC Boundary- 
Layer-Transition Ccne. The instrumentation of tne AEDC Cone is shown in 
-igure 2 (2). Tne .NASA Aires 11-ft Transonic Wind Tunnel (rWT), located 
at ‘‘offett Field, California, was used to carry out these experiments. 

- total of 19 cases are used to develoo the correlation between 
''■eston-tube neasurements and the corresponding /alues of skin ^ricticn 
cceff'cient. The run numbers and the corresponding f-eestrean condi- 
fcrs are presented in “able I. 


Tne 3T-iN-5 ccmouter code, which was cevelcced at Stanfcrd L'nive*'- 
3ity, ’S used to solve the boundary layer conser.-ation of mass, momentum, 
aro energy equations (3). Tne Wu and Lock (A) ccirputer code, wnich cai- 
cu’ates tne inv’scid pressure distribution, is used to speci*y the bcun- 
conditions along t.ne outer edge of tne ocuncary layer. The ‘•’im- 
Sasic computer code has been develoepd by the author to obtain all the 
necessary input 'nfcnnation *or the STA.N-5 ccmouter code. Pinal ly, t"e 
- '•=3tcn--:..ce crassu'^ ■'eaSur='-ents a'^e ccr''elatec to t"e cC'"*'=SPCnoinp 


:ret'cal sk'n -.-'cticn cce**'cient values by "eans o~ a least-sou 



tecT 
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NO]^: CS » Cone Station - Distance In Inches aft of the nose 



SouKc; Omiglierty and fl slier (2, p, /). 

I I'luie 2, AfiJC linuiidary layer Tran- 
sHion Cofu* 
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TABLE I 

'WIND TUNNEL CASES STUDIED TO DEVELOP 
THE CORRELATION EQUATION 
O'WSA AMES 11-=T IVT) 


Run No. 

Case No. 

K 

Re^^xlO"® 

DSf, 

29.440 

1 

0.30 

4 

230 

51.536 

2 

0.40 

3 

245 

50.535 

- J 

0.50 

3 

302 

25.375 

4 

0.50 

4 

4C4 

59.534 

3 

0.60 

3 

357 

23.346 

0 

0.60 


4>7 

40.547 

7 

0.60 

5 

536 

53.533 

8 

0.70 

3 

4C8 

70.725 

9 

0.70 


538 

21.318 

10 

0.70 

a 

545 

41.543 


O.’O 


o50 

37.532 

12 

0.30 

3 

453 

72.743 

13 

O.SC 

4 

505 

1S.2S9 

14 

O.SO 

- 4 


42.549 

15 

0.60 

5 

751 

55.531 

15 

0.90 

3 

492 

43.550 

17 

0.90 

5 

542 

’ 15.231 

18 

0.95 

4 

693 

44.551 

19 

0.95 

5 

373 





CHAPTER II 

BASIC TCCLS USED TO CAPJIY CUT 
THE TURBULENT BOUNDARY 
LAYER CALCULATIONS 

Allen's Correlation 


Allen's (5) correlation is the primary tool that is used to start 
the turbulent-boundary-layer calculations. Allen developed a set of 
Preston-tube calibration equations which relate measurements of Preston- 
tube pressure to ireasured values of turbulent skin friction. These 
ecuaticns were developed for compressible turbulent bouncary layers on 
flat plates in supersonic flows. The test data were obtained for adia- 
batic wall conditions. The resulting empirical Preston-tube calibration 
ecuaticns were developed by Allen in 1977. The two cal ib'^ation ra'^a- 
xecars and F 2 are defined fay the following eouaticns. 



Allen used a linear least-squares cur'/e fit of the data, and the -esult- 
inq linear eauaticn was 


F, = 5.55 (F-) 


1.132 


octal nec 


The experimental oata <ereccroared with the cor-e'ated values 
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f-'orn Equation (2.3). The results were unsatisfactory at higher Reynolds 
numbers. For t.nis reason, Allen tried a' second-order least-scuares curve 
'■'t. Tne equation for this fit was fcuno to be 

logic ^2 ° '^-^1239 {logij,?ij2 + o.TlSU logigFi - 3.4723 • (2.4) 

Again, t.ne experiirental data was compared with the values obtained rYcn 
Equation (2.4). It was conduced that Equation (2.4) fits the data ve'-y 
«eM at coth low Reynolds numbers and nigh Reynolds nurfaers. Tne root 
rear, square (ms) error in scatter of skin friction was five and one naif 
of one percent. A third-order least-squares curve fit was also obtained 
by Allen; however, no aooreciable improvement in accuracy of the fit was 
observed. 

As mentioned before. Equation (2.4) was found to be a better repre- 
sentation of the data when comcared to Equation (2.3). For this reason. 
Equation (2.4) is used for the work presentee herein. 

There exists other Preston-tube calibration equations. For example, 
tne -enter-Stal~ac" (5) calioration equation is 




^4.3c C9i/i F^ - 1./,, • 


u.= . 


>nere 









i # 


) 


“•’e oreden :-e above oa 
t..be cal’orat'cn ec-ations 'S 
at nitre’" -e-'t os "u~oers. 


'bratitn ecuaticr ano tt'er similar -'"ssttn- 
t-e 'act fat tne tata tdlaose is "ot gccc 
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Allen's correlation has soire advantages compare ro the other corre- 
lations. For example, Allen's correlation is simole, can be solved for 
Cs sxplicity, and it fits the data over a large range of Seynolas numbers 
(3 X 10^<Reg<3 X 10'^) . 

As mentioned before, Allen's correlation was developed for circular 
Preston-tubes in supersonic flows with zero pressure gradient. However, 
this research focuses on subsonic flows about cones with favorable pres- 
sure gradients. Therefore, one might expect some errors when Allen's 
correlation is applied to the AEDC Cone data. Allen's correlation is 
primarily used to evaluate the skin friction coefficient at the starting 
point of the turbulent boundiry layers. Furthermore, it is assumed that 
any errors at the start cf the turbulent boundary calculations are lost 
as the boundary layer develops downstream. 

Muster's Equation 

Musker's (6) mean-velocity-profile equation is another primary tool 
tnat is used to start the turbulent-ooundary-layer calculations, ‘-uslcer's 
aquation is used to estimate the velocity profile and tne bounoary layer 
tnickness at the initial station wnicn are required input to the STAll-S 
ccmouter code in order to start a calculation of the turbulent boundary 
layer. 

Musker developed the irean-velocity-orcfile equation in 19'5. This 
equation has the following form. 

^ = i ^ ^ B - 1 --s (f)^ - A (f)":- i ^2.3) 

~ne recorrenced values for <, 3, and .1 in tne above eouaticn a^a O.AI, 
5.0, and 0.5, resoectivel /. .‘lusker's mean-velocity profile gives tne 
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boundary layer profile formed on a smooth wall and is valid from the wall 

I « 

to the outer edge of the boundary layer. Furthermore, Musker's equation 

\ 

•'* was derived for incompressible flows. The derivation and the detailed 

k t 

I ' analysis of Equation (2.8) is given by Musker (6). 

The primary advantage of using Equation (2.5) to estimate the ini- 
j tial velocity profile and the initial turbulent boundary layer thickness 

[ IS the fact that the boundary conditions are satisfieo both at the wall 

j ana at the outer edge. Another advantage of Equation (2.3) is its Sim- 

I plicity. Nusker's equation expresses mean-velocity, u, as an explicit 

I 

function y; therefore, it is easy to apply. However, one has to be care- 
ful when using Equation (2.3). Equation (2.8) is derived based on the 
assumption that the flow is incompressible while the flows considered 
nerein are compressible. Therefore, one should not apply Musker's mean- 
velocity-profile equation, as ’t appears in Equation (2.3), to a compres- 
sible flow field. However, with proper definition of fluid properties, 
f one is aole to apply Equation (2.8) to compressible flow fields. In 

order to do this, a reference temperature must be introduced. Obviously, 
the value of tnis reference temperature is higher than the edge tempera- 
ture out less than the wall temperature. In other words, tne selected 
reference temperature serves as an “average" value for temperature across 
the boundary layer. Then, all the fluid properties that appear in Equa- 
tion (2.3) must be evaluatec at this ■'eference temperature. Conseouent’y, 
fluid properties (e.g., density and viscosity) evaluated at the selected 
reference temperature serve as the "average" values for the fluid pro- 
re’‘ties ac’^oss tne boundary laye’". Tnus, when the reference kire'^atic 
viscosity is used in Equation (2.8), .*’uske*''s mean-velocity-orofile equa- 
t'or can be aool'eo to co'-oressible, turbulent boundary layers. 
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The reference tenperature derived by Soor^r and Snort (1) for com- 
oressible turbulent boundary layers has been selected for use nerein. 

Th's reference tenperature is calculated via the follc..mg eouation. 

T = Tg (0.55 + 0.035 * 0.45 T.^ (2.9) 

For the wind-tunnel tests, it is known tnat v/all teroe'^atures ore vary 
close to the adiabatic values given by 

‘aw = "Tg (1 * r • ' ( 2 . 10 ) 

As discussed above, Musker's mean-velocity profile is useo to esti- 
mate the initial turbulent-boundary-layer thickness and the corresponding 
velocity profile at the initial station. The initial turbulent-boundary- 
layer thickness is easily estimated by imposing the bcundary-layer-edge 
conditions on Equation (2.8). At the outer edge of the boundary -layer, 
the following boundary conditions apply 


( 2 . 11 ) 


and 


( 2 . 12 ) 


The following equation 


is obtained by imposi..g tne outer-edge conditions 


to Equation (2.8). 




V-i. 
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With the known edge velocity and the turbulert-boundary-laye'- thickness, 
ore :an easily use Equation (2.3) to estimate t"e initial /elocitv oro- 
**- Oi tne .urbuient bouncary layer. 1^75 velccit/ prefile '*s inou” 
to tne STtf{-5 coroute** code. 
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Wu and Lock Computer Code 

The Wu and Lock (4) computer code Is another basic tool that is 
needed to calculate the turbulent boundary layer. This computer program 
was developed by Wu and Lock at the University of Tennessee Space Insti- 
tute. 

.^or a given Mach number, cone semivertex angle, aiitnuth aijgle, and 
anole of attack one can use the Wu and Lock computer code to obtain the. 
mvis'ii pressure distribution along a ray of a sharp-nose cone, rigure 
3 presents the Wu and Lock inviscid pressure distribution for a 10-degree • 
cone at zero angle-of-attack and transonic Mach numbers. Along with the 
orsssure distribution, the Wu and Lock computer printout includes the ir- 
viscid velocity distribution along the surface of the cone. For a de- 
tailed analysis of the development of the Wu and Lock computer code one 
should refer to Wu and Lock (■!). 

The rest of this section includes a brief discussion of how the Wu 
3 nc Lock computer program is used to obtain the inviscid boundary condi- 
-.icns along the sur'^'ace of the cone. The match point is defined to be 
'.'•c estimated location of tne initial station at wnich a fully-developec 
turoulent boundary layer cegms. For reasons tnat will become aoparent , 
in the next chapter, the inviscid boundary conditions ahead of the tip or 
the chysical cone, must be obtained, '^or this reason, the velocity cis- 
t.-'bution upstream of the match point is obtained by a simole linear ex- 
trapolation of the Wu and Lock velocity distribution upstream of the match 
ooint. Unfortunately, the Wu and Lock computer output does not provide 
t-e 'nv'scic! /elccity distribution at evenly spaceo locations along tre 

3 <is af the cone. Whereas, the STAfJ-5 comouter code 'works better when the 

/' 

-nvscic oouncar/ concitions are evenly soaced. “ror orevicus Ok'^ahcma 
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University (OSU) work, the inviscid boundary conditions are evenly spaced 
by raans of a sinple computer orogram. This program has been modified 
oy the oresent author so that it accepts the oata directly from the 1/u 
ana Lock computer printout. This modified program is used as one of the 
subroutines in tne Mini-Basic computer code. This is done for two reasons. 
Firstly, it is desirable to obtain the edge velocity directly from the Mu 
ana Lock data. This saves time and eliminates possible errors that may 
he introduced by obtaining the edge velocity for each single STAN-5 com- 
puter run by means of hand calculations. The second reason is that this 
subroutine uses other information within the Mini-Basic computer code, 
and the printout is in the desired format that can directly be input to 
the STAN-5 computer code. 

STAfl-5 Computer Code 

The STAII-5 computer code is the primary boundary-layer calculation 
tool that is used in this project (3). This computer code is used to 
solve the boundary layer conservation equations, and it is specifically 
usea to estimate the theoretical, skin friction coefficient. The STAM-5 
computer progra’" was developed by Crawford and Kays (3) at Stanford Uni- 
versity. This camputar code is an extension of work originally cone by 
^atanicar and Spalding (7) in 1967. In this section, it is intended to 
give a brief description of t.he operation of STAN-5. A detailed analysis 
of the theory behind the STAN-5 computer code is beyond the scope of 
this report. For a complete understanding of the S7AN-5 computer code, • 
r'-e 3 "culc ccnsult Patanka” ard Sparicing (7'. ^cwever, i* ere is in- 
te-'ested cnly in tne basics of now to use the orogram, he shculc cen- 
3 jlt :ne ST-Jfl-5 Manual '3). Tnis manual discusses the theory in 


reasonable detail. Furthermore, it gives adequate instructions to 
orooerly use this sophisticated computer code. The following discus- 
sion, which is a brief description on the operation of the STAfl-5 corn- 
outer code is based on the information given in the STAM-5 Manual. 

The conservation equations of a given boundary layer are imnossible 
to solve analytically. For this reason, with the progress of the tech- 
nology of digital computers, it has become routine to use finite-dif- 
ference techniques to solve the boundary layer equations. The STAfl-5 
computer program is such a program and employs difference methods to 
solve the conservation of mass, momentum, and energy equations. Some of 
the basic features of STAN-5 computer code are discussed in this part of 
the report. 

The STAN-5 computer code uses the concept of eddy diffusivity for 
momentum conservation, in order to solve for the Reynolds shear 
stress. There are three options for modeling the eddy diffusivity which 
appears in the conservation of momentum equation. The first option is 
to use the Prandtl mixing-length model. The second ooticn is to jse tne 
constant eddy diffusivity model . The turbulent-kinetic-energy model was 
selected -^or use in this project. The STAN-5 >’anual suggests that the 
turbulent-kinetic-energy model for should be used if there a-e signi- 
ficant amounts of freestreara turbulence which is one of the primary 
sources of inaccuracy in wind-tunnel experiments. 

Computation of the flow field near the wall is the last 'eature of 
STAN-5 that is discussed here. The STAfl-5 computer code usas the Couette 
'lew aquations to cemoute the flow field near the wall recicn. In orqe>- 
to acnieve this, STAN-5 has two options. Tne *irst action rumericallv 
integrates tne Couette flow equations over the ’■egicn of nigh velccitv 
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gradient. This option, which is referred to the "'•'all Function," saves 
computation tifre. The second option, which bypasses the ’'Wan Function,' 
continues the finite difference equations down to the watl with a p>' 0 - 
.gressively finer spacing. Although the STAfI-5 Manual suggests bypassing 
the "Wall Function" only for flows with large pressure gradients, the 
wall function is bypassed for the present work because this results in a 
smoother distribution of skin friction. 

There are a number of flag parameters that rust be input to the 
STA*l-5 computer code. These flag parameters are fully explained in the 
STAfl-5 flanual. Besides these flag parameters, the initial static pres- 
sure, the initial velocity profile, and the inviscid boundary conditions 
along the outer edge of the boundary layer must be input. 

The initial static pressure is obtained from the following equation. 

P = { (2.1A) 

e*’ " 1 + 0.2 h2 . 

e.i 


rcweve'^, in order to solve for one has to knew .. "^h’s Macn 

e,i e,i 

numcer is related to velocity and temperatures by the following equa- 
tions. 


U = M .1 
e,i e,i 





(1 


4 . 


0.2 



(2.15) 

(2.16) 


. is obtained from the Wu and Lock computer code. With the known 
value of ^ one can combine Equations (2.15) and (2.15) to solve *cr 
\ -he known /alue of Eouation (2.1-) is usee to solve *tr 

0 ^ . Ecuation (2.3) is used to soecify tne rean-veloci ty-orofile 
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at about 40 points across the boundary layer. Finally, the proper i 
viscid boundary conditions, wnich are obtained frcm the iiu and Lock 
outer code, are input to the STAK-5 corputer code. 


n- 

ccm- 



CHAPTER III 




THE METHOD DE'7ELOPED TO COMPLETE 
THE TUPBULEfIT BOUNDARY 
LAYER CALCULATIONS 

A unique Tethod has been developed to complete the turbulent-boun- 
dary-layer calculations. In this chapter an overall perspective of this 
retrod is presented. This chapter discusses the theory behind the me- 
thod used to execute the turbulent-boundary-layer calculations. The 
detailed analysis of the governing equations of this method is presented 
in the next cnapter. Furthermore, Appendix A presents the step-by-step 
procedure used in the turbulent-boundary-layer calculations. 

At this point, t'no sets of information are available. The first set 
of irformation is the primary variables of the wind tunnel for a given 
run. Tne primary varieties for a given run include freestrear Macn num- 
ber, unit Reynolds numbe*', and the freestream dynamic pressure.- The 
second set of information is the Preston-tube pressure distribution along 
the surface of the cone. Determination of the location of the imaginary 
ooint at whicn tne turbulent boundary layer has zero thickness and the 
location of match point are necessary information that must be obtained 
first. The imaginary location at wnich zero thickness occurs is definec 
to oe tne vircjal origin of the turbulent boundary laye**. "re variable 
'(3. IS cefined to be rie distance between tne "■atch 001 nt anc virtual tr'- 
gin. T-’is temnclcgy is cefined in "'gure -i. '.'cte trat t^e 'ccaticn 





d=(0.5)/COS 6" ft 



I i'jurci Tuniilfiohujy for Seltlmj Up 5TAfl-5 
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of t*ie virtual origin may be downstream as well as upstream of the tip of 
tne tnysical cone, Tne location at wmch the maxi'un Preston-tube pres- 
sure occurs coula be usee as tne maten point. Hewever, this is not s 
/alia choice because at this location the boundary layer may still oe 
af*ected oy transition. Por this reason, tne following method is used 
to assure tnat the natch point is in the fully-cevelooed turou1ent-boun- 
cd'-y-laye" region. Figure 5 snows the Preston-tube oressure distribution 
als"g tne surface of the cone for a typical case. The point at whicn the 
^'■eston-tuba pressure distribution curve corresponcing to the turbulent 
boundary layer diverges from that of the rest of the boundary layer is 
cefi-ea to ce tne maten point. A French curve may be used to do this 
tas<. This is indicated by dashed lines in Figure 5. In order to "locate 
the virtual origin, Allen's correlation is used to obtain an estimation 
of s<in fricv.cn coefficient at me match point. 'Iota that this is just 
cP estnacicn. Then, the flat olate equations are used to estimate tr.s 
Iccaticn of the virtual o'-iain an a flat olate. Tnis result is then 
t'*i".s'V~ec oy using Teter/ir.'s (8) ti ar.sfomatic" to obtain the cc'^re- 
scc'’oing location a* tne /''•tual oricm cn t^e ten-deg'‘ee cone. 

T^e next step is to set up STA.‘.-5 and start t.ne bouncary layer cal- 
culations. As was “entioned before, the Wu ajid Lock computer ccce ana 
;ius<er's mean-velocity orofile are used to define the inviscid boundary 
corc’fons anc t.”e initial /e'ccity orofile, respecti /e'y. In order to 
save oomputer ti'^a, STA'l-j is run with the init'cl station located no 
-ore t‘’an si< mcnes aneac of the pnysical cone. Tnis is an axial dis- 
tance. I" 've 'ccaticn of :”e /mtua' :''’gin is s..c" t.-at 


. n : 


H.5/COS n", < 3 f* 
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th^n the initial station for beginning computations of the boundary 
layer is located at one inch downstream of the virtual origin. In this 
:asa surface aistarce is used. It should be mentioned that there are 
no //ell -defined criteria for choosing the initial station at which the 
turbulent-boundary-layer calculations begin. The distances of six in- 
cnes upstream of tip of the cone or one inch downstream of the virtual 
origin are based on past experience with STAN-5. Starting STAM-5 very 
close to the virtual origin uses too much compute** time if the location 
of the virtual origin is located a distance far ahead of the tip of the 
cone. As the boundary layer develops, any errors at the beginning of 
the calculations are normally lost as the conservation equations are 
solved downstream. 

The cone is assumed to be an axisymnietric body. The inviscid boun- 
dary conditions along the surface of the cone are obtained from the Wu 
ana Lock computer code and are input to STAN-5 by specifying the velocity 
at a series of points along the surface of the cone and the corresponding 
rao’us of the body at those locations, jue to the structure of STAfI-5, 
tne virtual origin is the reference ooint from which distance and radius 
are measured. Frcm. Figure A, 'Z is apparent that tne racial distance is 
equal to the surface distance times the sine of the cone naif-angle. 

This is the method used to model the cone. Hcv/ever, one could argue this 
retncd IS not /and oue to the fact that the specified ^aoius o* a point 
on the cone corresponds to the radius of the imaginary cone and not to 
that of the onysical cone. Consequently, one could conclude that trans- 
•'a'*se curvature e**ects are not mcceled correctly. The *act is that 
fansversa turvature effects become imocrtant wnen the ■*acius of the body 
IS of t*'e same oroer of magnitude as that of tne boundary Isyp*- thickness. 
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transverse curvature' effects become even more important when the radius 
of the body is much less than the turbulent-boundary-layer thickness. - 
.'lone of the above cases apply here. In fact, the ratio of the boundary 
layer thickness to the radius of the body is rather small. Thus, trans- 
verse curvature effects are not expected to be a significant source of 

i 

error in the present work. In order to check this, the cone was modeled 
using two other methods for a sample run. The sample run was selected 
as being a worst case. As was mentioned above, the higher the ratio of 
the turbulent-boundary-layer thickness to the radius of the body the 
higher is the error in the skin-friction calculations. For this reason, 
the casa that has a high Mach number and low unit Reynolds number was 
cnosen. This corresponds to Run Number 56.631 which was selected to check 
the significance of any errors introduced by improper modeling of body 
radius. The first method simply lets the radial distance correspond to 
the physical cone rather than the imaginary cone. This is possible since 
the virtual origin is downstream of the tip of the cone for this par- 
ticular case (see Appendix 8, Table XVIII). The second method is to 
model the cone as a cylinder upstream of the match point, and for the 
points downstream of the match point let the radial distance corre- 
spond to the physical cone. STAN-5 was run twice in order to calcu- 
late the skin friction coefficient along the surface of the cone with 
these two different modeling procedures. The results are tabulated in 
Table II. The maximum error due to modeling the radius of the cone 
is about three percent. It should be noted that this is the worst case. 

In all the other other cases under study, the ratio of the turbulent- 
boundary-1 ayer thickness to t.he radius of the body is smalle'' tnan that 
of this sample run. In summary, tne method used to model the cone in 
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TABLE II 

COMPARISON OF SKIN FRICTION COEFFICIENT 
VALUES BY MODELING THE COME WITH 
THREE DIFFERENT METHODS 

Case Mo. 16:M^»0.90, Re^-^.*3xlO® 


No. 

(1) 

(2) 

(3) 

(4) 


1.3183 

0.003589 

0.003535 

0.003534 

1.4193 

0.003450 

0.003380 

0.003391 

3 

1.5190 

0.003368 

0.003284 

0.003295 

4 

1.6169 

0.003298 

0.003208 

0.003216 

5 

1.7191 

0.003238 

0.003140 

0.003145 

6 

1.8207 

0.003188 

0.003090 

0.003088 

7 

1.9628 

0.003112 

0.C03021 

0.003020 

8 

2.0667 

0.003080 

0.002992 

0.002987 

9 

2.2092 

0.003026 

0.002943 

0.002942 

10 

2.4225 

0.002946 

0.002876 

0.002375 


(1) - Distance along the surface of the cone measured from tip of 

the cone, ft. 

(2) - SLin friction coefficient obtained by the method used to model 

the cone to carry out the skin friction calculations for all 
the rases (radial distance corresponds to the imaginary cone). , 

(3) - Skin friction coefficient obtained by letting the radial dis- 

tance correspond to the physical cone rather than imaginary 
cone. 

(4) - Skin friction coefficient obtained by modeling the cone as^a 

cylinder upstream of '^atch point, and for the points oown- 
stream at match point letting the radial distance correspond 
to the physical cone. 
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well within the accuracy of the wind-tunnel data and the numerical tech- 
ni'ques being used. 

After complet’ng tasks of modeling and obtaining other necessary vi- 
formation that must be input to STAfi-3, the turbulent-bounc'a*'y-layer 
calculations are initiated. The skin friction coefficient at the matcn 
point is calculated by STAfJ-5- and is compared to the value obtained from 
Allen's correlation for the same local flow conditions. If the calculateo 
skin-friction coefficient by means of STAH-5 is larger (smaller) than that 
calculated by means of Allen's correlation, then it is concluded that 
the turbulent boundary layer at the match point is too thin (thick). So, 
the virtual origin must be shifted forward (backward) in order to obtain 
a thicker (thinner) boundary layer. A one-seventh power law is used to 
relocate the virtual origin. 


eq. 



1/7 


(3.1) 


"nis process is continued until the skin friction coefficient calculate': 
by STAH-5 computer code is within plus or minus a half of one oercent of 
that calculated by Allen's correlation. ‘At that point, it is conclucea 
that an acceptable initial velocity profile is obtained. Next the STAM-5 
computer code is run to solve the boundary layer equations along the sur- 
*are o* the core al* tne way uo to theooint where the wind-tunrei oata encs. 

This procedure is repeated for all the cases. Then, for each case, 
a modified version of STAfi-5 is run to obtain the effective heignr of the 
probe. The effective height of the probe is the distance frcm tne .vail 
at wnich the total pressure within the theoretical boundary layer equals 
t.he measured Preston-tube pressure. Tne effective height of tre oroce, 


! 

y^fft is nondimensionalized by the following relation. 


'eff 


= ^eff 


(3.2) 


In other words, is a measure of the location of the effective center 
of the probe. 

Obtaining the values of concludes the turbulent-boundary-layer 
calculations. The values of total Preston-tube pressure, effective cen- 
ter of the probe, skin friction coefficient, location of match point, 
and the location of the virtual origin is tabulated in Appendix B for 
19 different wind-tunnel flow conditions. 
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CHAPTER IV 

DEVELOPMENT OF THE GOVERNING ^ 

EQUATIONS 

So far, the basic procedures, which were followed curing this rs- 

i 

search project, have been described. In this chapter, additional de- 
tails of the method described in Chapter III are presented. 

For a given case, the first step is to calculate the f-eestraam 
thermodynamic and kinematic properties of the fluid (air). This is a 
fairly simple task since the primary wind-tunnel flow parameters are ‘ 
given. These parameters are defined as follows. 


1 2 
q =^ 00 “ 

^so ^ 10 oa 

•1 (-.RgJ 


(4.1) 


1 “-- ’ 




= 


(d.3l 


From Equation (4.2) one can solve for and substitute the result into 
Equation (4.1). The resulting equation is 


4. = (1/2 • m:urt2.) 

P. 


(4.4) 


The equation of state for a thermally perfect gas is 


!4.5' 
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Substituting Equation (4.5) into Equation (4.4)' and solving for freestream 
static pressure, P^, results in the following relation. 



The freestream total pressure, P^. , is obtained from the following isen- 
tropic relation. 




„2)T/v-1 


(4.7) 


Now substitute Equation (4.6) in to Equation (4.7) and solve for the free- 
stream total pressure, P. . 

t *00 


= (1 + 


Y-1 

~r 




(-^) 


vM 


(4.3) 


In order to obtain the freestream total temperature, multiply Equation 
(4.2) by Equation (4.3), and divide the resulting equation by Equation 
(4.1). This results in the following equation. 
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The Sutherland's (1) relation for absolute viscosity, u, is 


- (2.27) 

' - f ;i§8.6 
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(4.10) 


When Equation (4.10) is substituted into Equation (4.9) and rearranged, 
the following equation is obtained. 
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Equation (4.11) is an explicit equation in 7^, and it can easily ce 
solved for the freestroam static temperature. The fresstrean tota‘ ta~- 
perature is obtained finally from the following isentrooic equaf.l::'. 
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The equation of state (Equation 4.5) is used to calculate dens’t. 
of the air. The Sutherland's relation for absolute viscosity. Ectafo-- 
(4.10), is used to calculate absolute viscosity, Tnc icinematic 
viscosity, is defined as the ratio of absolute viscosit: tc dei- 
sity. 

The second step is to use Allen's correlation to estimate t'le <Nin 
friction coefficient at the match point. In order to solve Mien’s Pi^es 
ton-tube calibration equations (2,1 and 2.2), the follcwino oira-.ete>-s 
must be calculated: (1) edge temperature, (2) edge pres'^u.-e , (c) :cce 

velocity, (4) reference temperature, (5) velocity based cn - -es».cn--ubo 
data, and (5) Reynolds number based on the diameter of i cirzular "-lot 
probe. 

Before solving for the edge temperature, one has to sol.-e for the 
edge Hach number. In order to solve for this Mach number, t'-ie 'or.'V'nc 
procedure should be followed. The pressure coefficient is defined .*s 
follows . 
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By rearranging cams in Equation 4.13, one obtains: 



The following equation is obtained by substituting appropriate isentropic 
relations for the pressure ratios occuring in Equation (4.14). 


^ . 1 .(JJL2J4 ) 

1 + 0.2 nf 

e 

By rearranging terms in Equation (4.15), one obtains: 
= [^- 5 5 (1 + 0.2 (1 + j ^ 


(4.15) 


(4.16) 


MOte that Cp is obtained from the Wu and Lock computer code. With the 
known edge Mach number, one can use the following isentropic relation 
to solve for the edge temperature, Tg. 


‘e = 


(1 


0.2 Mg^)'^ 


(4.17) 


With the known values of c^, P^,_andq^, Equation (4.13) can be usee 
to calculate the edge pressure. The edge velocity can either be obtained 
from the Wu and Lock computer code, or it can be calculated by employing 
an equation similar to Equation (4.2), i.e.. 


U 


e 




(4.18) 


As oiscussad before, the Sommer and Short '■elation for reference 
tgr-peraturs, Equation (2.9), is used to calculate tne reference tempera- 
ture, T . 
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The velocity based on the Preston-tube data is calculated via the 
isentropic relations. Starting with Equation (4.2), the following equa- 
tion can be obtained forUp^/Ug, 



/ JL 
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one can use Equation (4.20) to solve for Mp^, 



‘(4.20) 


(4.21) 


In summary, Equation (4.21) is used to calculate Mp^ and with the known 
;alue of M ., Equation (4.19) is useo to obtain U ... 

P t r '» • 

The Reynolds number based on probe diameter, R^, is tne final piece 
of information that is needed to solve Allen's calibration equations. 

The Reynolds number based on probe diameter, R^, is defined as 



The only unknown in the above equation is the diameter of the probe's face. 
Allen's Preston-tube pressure measurements were carried cut by means of 
circular Preston tubes. In contrast, tne measured ^restcn-tute oressures 
'or this oroject were obtained by means of oval -shaped Preston tubes, "or 
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this reason, it is necessary to define an "equivalent" probe diameter, 
Dog, which can be used in place of the diameter which appears in Allen's 
correlation. Folloiying the suggestion of Patel (9), the diameter of a 
circular probe is related to the effective height of the probe by 


D = 

'^eff 

Patel suggests a value of 1.3 for for a circular Preston-tube. If 
one sets k^^^ = 1,3 in Equation (4.23) the following equation is obtained. 


D = 1.54 


(4.24) 


In the case of non-circular probes yg^^ is defined as follows. 

hff - "‘effl 

In this equation h is the maximum external height of the probe's face. 

The probe used during the flASA Ames wind-tunnel tests had a height of 
0.0097 inches. Substituting Equation (4.25) into Equation (• 1 . 24 ) leads 
to the definition of an equivalent diameter for the oval-shaped probe 
used during the tIASA Am.es tests. 

Dgq = (0.0075 ) (4.26) 

In order to obtain a reasonable value for ^ff at the start of the tur- 
bulent-boundary-layer calculations, the following estim.ation procedure 
was used. From the previous work done by Reed and Abu-Mostafa (10), 
t'le values of along the surface of the cone for the laminar ooundary 
layer are availaole. .^cr eacn case, a straignt-1 ire least-squares curve 
fit .<as ootaineo that correlates k ... to distance aV'o tre surface of tne 

T 
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cone. Since this fit is only valid in the laminar boiindary-layer region, 
it is not correct to use this fit and blindly apply it to turbulenc- 
boundary-i»yer calculations. However, the laminar values of can be 
emoloyed by assuming the locations in the laminar and turbulent ooundary 
layer, which have the same Preston-tube pressure, have approximately the 
same value of kgff Thus, the laminar value of at the location 

which has the same Preston-tube pressure as measured within the turbulent 
boundary layer at the match point, is used to estimate an equivalent dia- 
meter for use in Allen's correlation. With the known value of Dgq, 
Equation (4.22) is used to calculate Rq. 

All the necessary information to solve for skin friction coefficient 
is then available. Equation (2.1) is used to solve for the calibration 
parameter F^. Next, Allen's correlation Equation (2.4), is used to solve 
for the calibration parameter Fg. Finally, the skin friction coefficient 
IS calculated from Equation (2.2). 

The third step is to estimate the location of the virtual origin. 

Unfortunately, the exact location of the virtual origin along the surface 

of 1 cone cannot be obtained. However, the flat plate equations may be 

used to estimate an approximate value of on a flat plate. Then, thq 

flat plate may be converted to the cone X^^. The following equation . 

IS used to estimate the flat plate X... 

eq \ , 



( 


9c 

O.06o'0, 


(exp( 


0.455c 
‘’e ^f 


■)’) 


(4.27) 


Equation (4.27) is based on an empirical skin f-icticn formula for flat- 
olate turbulent boundary layers in incompressible flow, viz.. 
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0,455 

In^ 0.06Re^ 


(4.28) 


~he following relation between wetted length on a flat-plate ana a cone 
has been suggested by Tetervin (8) in the case of equal skin friction 
at the two X locations. 


X.. = (2.268) (X ) (4.29) 

Once the location of the virtual origin is fixed, the inviscid velocity 
from the Wu and Lock computer program ’s extrapolated, forward from the 
match point to obtain the edge velocity at the initial station at which 
the turbulent-boundary-layer calculations are started with STAf!-5, As 
previously discussed, the remainder of the inviscid boundary conditions 
are obtained from the Mu and Lock computer code. 

The final step is to use Musker's mean-velocity-profile. Equation 
(2.3), and calculate the initial velocity profile of the turbulent boun- 
dary layer. At this point, all the necessary information that must be 
input to STAN-5 is available. 

The procedure discussed above is automated by means of the Mini- 
Basic computer code. This code is fully documented in Appendix A. 



CHAPTER V 


ANALYSIS OF DATA AND THE 
CORRELATION EQUATION • 

Once the turbulent-boundary-layer calculations are conpletea, all 
the necessary information to correlate the Preston-tiibe pressure to the 
corresponding theoretical values of skin friction coefficient are avail- 
able. Based on the work done by Reed and Abu-Mostafa (10), on laminar 
boundary layers, the following equation is assumed for this correlation: 

'(* = A^(X*)^ + Bj(X*) + Cj(T*) + Dj , (5.1) 

wnere 

' '°5l0 'VWw'’ • ' = 

'and 

t\= logjo (T'/Tg) • (5.4) 

■t * « 

Tne correlation parameters X and Y are basically of the same nature as 
the correlation parameters defined by Allen. From the work done by Reed 
and Abu-Nostafa, it was found that the effective center of a Pitot orobe 
.vas a 'jnction of U., n, anc Further-cre, \z vas 'earned that ac- 
counting for the variation of the effective center of tne 0 ''rbe resulteo 
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in less scatter of skin friction coefficient in the laminar boundary 
layer region. For this reason, unlike Mien, the variation of t^’e ef- 
fective height of the orobe is included in the calibration parameters. 


The following method is used to discard the data points that should 
not be included in the development of a correlation. The values of k^-r 
along the surface of the cone are tabulated in Appendix B for the various 
wind-tunnel flow conditions. It should be noted that Reed and Abu-Mostafa 
correlated skin friction coefficient to the corresponoing Preston-tube 
pressu-e measurements in laminar bouncary layers. Their plot of k^-^ vs. 
U,h/v^ for several cases is shown in Figure 6. This figure corresponds 
to the laminar boundary layer studies. From this data, it is concluded 
that the values of k^^^ should increase as U.h/v_^ decrease. This means 
the values of should increase as the surface distance increases. 
Furthermore, for a given Reynolds number per foot, the values of k^^^ ce- 
crease with increasing Mach number. The distributions of k^-^ •'or Run 
Numbers 57.532 and 29.440 do not exhibit this behavior. Apparently, the 
kp^-'s fcr tnese two rurs were in error. At the completion of this work. 
It was found that the Preston-tube pressures for these two runs were reao 
incorrect''y. Figure 7 is tne corrected laminar distribution. It 
might oe expected that the k^^^ distribution along the surface of tneccne 
shoulo have the same trend as that of laminar boundary layer studies, 
-o.-evar, trs is not exactly true. From tabulated results of it*s 
cbse>*ved for rest of the cases that the values of k^^^ decrease until fey 
reacn a mimmum at a location downstream of the match point. Then a con- 


tinuous inc-ease in <aff is observed. Consequently, it is conduced t-at 

t^e data points oreceeding the •ninimu'o value of < -sroulc not be ircljced 

er* 
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in tne correiatijn aouat'.on. The fact of the matter Is that the ce- 
crease In downstream of 'the match point is probably caused oy er''ors 
in the estimated skin friction coefficient at the natch point, 

Allen's correlation and the equivalent diameter does not orovice the 
correct skin friction at the match point. However, it is ' nowr. that tne 
errors in this estimation are lost somewhere downslrean of the ma’tcn 
point. This, is assumed to occur at the location lere k,^_- exhibits 
a minimum. So, for a given case, all the data points jherd of "5 1110 '- 
mum value of kg^^ are discarded. In other words only” the uata po*nts that 
snow a continuous increase in the values of k^-^, follcwirg the Minimum 
value of ane set aside for correlation purposes. Figure 3 and 
Figure 9 illustrate examples of this procedure. Cases cnat exhibit a 
behavior similar to Figure 8 are not included in the correlation squaticr. 
The cases that exhibit a behavior similar to Figure 9 are used to develc . 

I 

the correlation equation, and only the points that show a continuous in- 
crease in "the'kg^,^ values following the minimum value of are used to 
optain the correlation. By employing this meshod, it is founa tnat 
lun 'umbers 70.726 and 15.231 should also not be used in developing the 
correlation equation*. The distribution of the effective center of the 
probe vs. 0,h/v,^ for 17 cases is shewn in Figure 10. As is shewn in 
Figure 10, the distribution of effective center of the probe fo-'^un 
‘.'umcer 72.748 is much closer to ^un Number 21.313 than it is to Run Num- 
ber 19.289. Since Run Numbers 72.748 and 19.289 have tne same freestream 
flow conditions (i.e., = 0.8 and = 4 x 10®) exceot for slight 

difference in freestream dynamic press, .sq = 12 lb«/ft^, the distnbu- 

^ I 

tion of the effective center of the probe for these two cases is exoected 
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rigure 10. Variation of tfio Lffective Height of Probe in Turbulent Bouiulary Layers . 


ro 
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to be much closer together. Furthemore, by studying Figure 10, it is 
aooarent that the spacing of the distributions, of the effective center 
of the probe among Run flumbers 72.7*18, 21.318, ana 19.289 does not 
match with the rest of the distributions. However, the spacing 
of the distributions for Run llumbers 21.313 and 19.239 is similar 
to the rest of the run numbers. For thi-s reason Run number 72.743 is no 
included in the development of the corre-laticn equation. In summary, a 
total of sixteen cases have been used to develop the correlation equa- 
tion, and 259 data points have been set aside 'to- obtain the correlation 
equation. A second-order least-squares curve fit to this data results 
in the following correlation equation. 

Y* = (0.0272) (X*)^ + (0.5337) (X*) + (0.1140) (T*) - 0.5419 (5.5) 

* ★ 

Figure 11 is the plot of Y vs. Z for the individual wind-tunnel data 

♦ 

points where Z is defined as follows. 

Z* =■ (0.0272)(X*)^ + (0.5337)(X*) + (0. 1140)(r) (5.6) 

Tne torresponding ms value orchis 1.125 percent. Ficurs 12 Shews tne 

I ~ 

narrow range of scatter in skin friction coefficient. The scatter in 

skin friction coefficient is very satisfactory, and it is ccmoaraole to 

the Preston-tube calibrations obtained by Patel (9) for incompressible 

★ 

oipe flows. The coefficient of T in the correlation Equat'cn (5.5) is 
very small and a second cor**elation equation was octainec by oegTectirc 
tne effects of variable properties across the probe's face. This equa- 
tion has the following form. 

Y* = (0.0195) (x"')- * (0.6124) (X*) - 0.7 
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The corresponding rms value of is 1.175 percent. 4s expected, slightly 
higher scatter in the skin friction coefficient is observed when the ef- 
*'ect of variations in temperature across the probe's face are ignored. 

The boundary layer calculations have been repeated for two sample 
cases using. the new correlation equation to estimate skin friction at 
the match point. One of these cases is Run dumber 15.231 v/hich was not 
included in the development of the correlation equation. The second 
typical case is Run .'lumber 40.549 which was included. The skin friction 

- J 

coefficient at the match noint is estimated by means of Equation (5.5). 
Then STAN-5 is Set up to again solve the boundary-layer equations. Fig- 
ure 13 and Figure 14 each show two sets of skin friction coefficients vs. 
surface distance. One distribution of skin friction coefficient corre- 
soonds to the estimation of c^ at the match point by means of the new 
correlation, and the other set of data cor»-esponds to the estimation 
of Zf at the matcn point by means of Allen's correlation. Figure 14 fur- 
ther verifies that the methoo used to calculate skin friction coefficient 
is correct. Although in the example Allen's correlation under estimates 
the value of c^ at the match point, the values of c^ eventually converge 
as the boundary layer develops. The variation of effective center of tne 
probe vs. surface distance along the cone for the two sample cases is 
presented in Figure 15 and Figure 16. Figures 17 and 18 show the cor- 

'■esoonding k..-^ values plotted vs. U.h/ , . ^ere acain one distribution 

s r • « “ • 1 

corresponds to the estimation of c^ at the match point by means of the 
new correlation equation, and the other distribution corresponds to the 
est.ination of c^ at the match ooint by means of Allen's cor-elaticn. 

Based on tnese *igures, it is concluaed that the cistnbution of k -- 
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resulting from the author's correlation (Eq. 5.5) exhibits the expected 
pattern of increasing better than the distribution obtained using 

• -^4 

Jillen's correlation. The following observations are made ccnce*‘niiic 
Figures 15, 16, 17, and 18 

1, The minimum value of k^^-- using correlation Equation (5.5) 
occurs upstream of that obtained by means of Allen's correlation. 

2. The kg^^'s seem to approach a common asymptote as tne bouncary 
layer develop, independent of the initial values. 

It should be noted that Allen'-s correlation was derived based on 
simultaneous measurement of skin friction and circular Preston-tube pres- 
sures within flat-plate, turbulent boundary layers in supersonic free- 
streams. The above discussion was primarily done to demonsfate that the 
new correlation equation is valid in spite of the fact that the initial 
values of skin friction and k^^^ are erroneous. Comparison of correla- 
tion Equation (5.5) with Allen's correlation snows that one should use 
this equation to estimate the skin friction coefficient on a ten-decree 
cone at high subsonic ‘tach numbers. 

In order to estimate skin friction on the AEDC Cone, one sncuic use 

the following method. 

1. Estimate the value of k^^^ from the aporoonate tables of \o- 

pendix B for a given location on the surface of the cone. 

2. Use Equation (5.3) and solve for X . 

3. Use either Equation (5.5) or Equation (5.7) and solve for Y 

a. Use Equation (5.2) and solve for U.. Then skin friction is 

calculated from the following relation. 




5-1 


5. Obtain U^h/v^ and use Figure 10 to estimate a new value I'or 

6. Iterate the procedure until no improvement in the value of 
is observed. } 

It should be noted that one may have to interpolate or extrapolate the 
values 0 ^ if the exact freestream Mach number and unit Reynolds nun- 
cer IS not found in the tables of Appendix 3. The user is warned not 
to use Tables XI, XV, and XX since the corresponding cases were not in- 
cluded in the development of the correlation equations, Ecuatjons (5.5) 
and (5.7). 
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CHAPTER VI 
SUtWRY AND CONCLUSIONS 

The distribution of Preston-tube pressures within turbulent boundary 
layers along the surface of a sharp-nosed, ten-degree cone have been cor- 
related with theoretical value of turbulent skin friction for freestream 
Hach numbers less than one. The Mini-Basic computer code, the Wu and 
Lock computer code and the STAN-5 computer code were used to analyze the 
data and to solve the boundary layer conservation equations. 

This is the first Preston-tube/turbulent-skin friction correlation 
for flow about a cone. The skin friction which results from using ?»'es- 
ton-tube pressures in the correlation equation, has a ms error of 1.125 
percent. This precision is very satisfactory and is comparable to pre- 
vious Preston-tube correlations obtained. by ^atel (9) * 0 '* oipj flews. A 
comoanson of two sample cases using both Allen's correlation and correla- 
tion Equation (5.5) to estimate the skin friction at the match point sug- 
gests that this new correlation is sufficiently accurate for engineering 
uses. 

In the course of this stuoy, it was rounc that the e*feotive center 
of the probe is not a constant. The distance above tne wall of t.ne ef- 
fective center of the probe is a function of h, U , 'j and The 

T W 

va'^'acion of the effective center of t^e probe b«cores ^ v 

inc'-eases. Tne effective center of the probe increases as t^e 3ur*ace 


page is 
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distsnce incrsasGS. For a specified unit Reynolds number, the effective 

center of the probe decreases as the ''ach number increases. Furthermore, 

•or a specified unit Reynolds number and Mach number the effective center 

of tne probe increases as U li/v decreases. 

r w 

It IS also found out that the variation of the fluid (air) proper- 
ties across the probe's face nay be neglected for subsonic flows. 

Finally, the possible transverse errors caused by the use of the 
conceot'of a virtual origin for the turbulent boundary layer was inves- 
tigated and found to be neglegible. 

The developed correlation equation, Equation (5.5), is restricted 
to turbulent boundary layers on a sharp and smooth ten-degr( cone at 
subsonic freestream Mach numbers. Furthermore, this correlat’on equa- 
tion is restricted to Preston-tube measurements carried out at K^SA- 
Ames 11-ft Tl/T by means of an oval -shaped Pitot-probe whose height and 
aspect ratio are 0.0097 inches and 1.8, respectively. 

The tan-degiee cone under study, which is referred to as. the AEOC 
Soundary Layer Transition Cone, was mounted on the nose of a McOonnell- 
Ocuglas F-15 aircraft and tested in flight during 1973. The procedure 
developed herein for analysis of the wind-tunnel tests is expected to 
be applicable to the flight data. This work is currently being per- 
formed by another graduate student. When tliis correlation becomes 
available, it will be possible to compare it with the wind-tunnel corre- 
lation and thereby define an "effective" unit Reynolds number for the 
11-ft Transonic Wind Tunnel at MASA Ames. This new method is needed 
because toe classical definition of a turbulence 'actor- for wine tun- 
nels (e.g., ?oce and Haroer [ll] ) is invalid when "^>0.35. 
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APPENDIX A 

THE MINI -BASIC COMPUTER CODE 

' TT’ 

The Him -Basic computer code was developed on an Apple “ II Plus 
Computer. The two primary" reasons'for develooing this computer code were; 

4 

(1) to become familiar with the basic features of micro-computers, in 
general, and (2) to reduce'the calculation costs. This computer code 
requires 48 thousand bytes of memory. It is intended to store most of 
the variables and parameters as the program is calculating the necessary 
information. This gives the user the advantage of obtaining the values 
of different variables and parameters directly from the terminal rather 
than inserting a lot of commands to check the value of a specified vari- 
able in the course of calculation. The logic of the computer code is 
P’^esented by the flow chart shown in Figure 19. 

This Appendix is designed to guide the reader through the complete 
turbulent-boundary-layer calculations. In order to further clarify this 
matter, Run Number 59.634 is used as an example run. The following is a 
step by step procedure that should be followed to complete a turbulent- 
bcuncary-lryer calculation for this sample run. 

1. Use Table I and find Casa uunber 5 corresponds to Run Number 
59.534. 


Apple II Plus IS a trade mark of Apple Comouter, Inc. 


















64 


2. Use the wind tunnel data sheets and estimate the following. 

a. The location of the match point, Xj^p = 14.69 in. 

b. The Preston-tube pressure corresponding to the match point, 

= 148.25 Ibf/ft.^ 

pt 

c. The location in the laminar boundary layer region that has 
the same Preston-tube pressure as that of the match point, 

X» = 5.25 in. 

^ j r (Allen) - (STAH-5) 

d. The value of XL. - XL = X.,p if j ’ 

0.01; othen-/ise, XL is equal to the location at which the 
wind-tunnel data ends. 

3. Obtain the Wu and Lock printout and do the following. 

a. Obtain the pressure coefficient, c„, at the match point, 

P 

c = 0.03755. 

P 

b. Input the first eighty-two X/L values into the Mini-Basic 
program as three data statements in line numbers 2570, 2580, 
and 2590. Then, input tne corresponding values of edge 
velocity as three' data statements in line numbers 2640, 2650, 
and 2660. Be sure not to include the ooint corresponding 

to X/L = 0. 

c. Obtain the value of NXT. .‘IXT is the index corresponding 
to the ith (l<i<82) element of X/L values that corresponds 
to tne location of the match point. If the exact location 
of the match point is not found in the '.^u and Lock table of 
X/L values, then choose the match point sucn that it coin- 
cides with the nearest value of X/L cccuring cownstream of 
tnat found in stao 2-a. liXT is equal to 32 for this sa.mple 


rjn. 
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4. Run the Mim-Basic computer code. This program will ask for 
some or all of the above information depending on the inout 
option. Mini-Basic has four options. The first option is a 
first-order curve fit of laminar kgff's to the corresponding X/L 
values for the ninteen cases under study. The second option 
calculates the initial velocity profile, and the third option 
calculates the inviscid boundary conditions. Finally, the 
fourth option should be used when the user is ready to make a 
STAfl-5 run. In order to clarify the operation of the Mini -Basic 
computer code, two sample printout is included in pp. 66-71 . 

The first run uses option one, and the second printout uses 
option four. 

5. Run STAN-5 computer code and obtain the skin friction at the 

match point: c^ = 0.003127. 

6. Re-run the Mini-Basic program, and be sure to let the Mini-Basic 

code know that a new needs to be calculated. Mini-Basic asks 

for tnis information. Again, run STAfl-5 and obtain c^ at the 

c- (Allen) - '5Ti.4-5) 

match point: c^ = 0.003340. It i ^ Cf{sT4‘J ' -5) 

0.01, then proceed to step 7; otherwise, go to step 6. For this 


example, one has to go back to step 5 and obtain the third value 
of c^calculated by STAN-5: c^ = 0.003238. 

7. Re-run the Mini -Basic computer code, and this should be the final 
run. Set XL = 32.0 inches which is at the end of the traverse 
for this wind-tunnel test. A sample output of the final run of 
the Mim-Basic compute'* coae for Run 'lurfaer 5?. 539 is oresentec 
in pp. rZ-75. Runmnc STAi;-5 for the 'ourtn time snculo 
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650. *152 

61 

2.3399 

20.39 • 

650.7*12 

62 

2.3777 

20.72 

651.052 

63 

Z.-USo 

21,05 

651.372 

6-1 

2. *1535 

21.33 

351 .“OZ 

65 

2. *1913 

21.71 

652 ,0-12 

66 

2.5292 

22. 0*1 

652.-113 

67 

2.5670 

22.37 

652 .793 

63 

2..a0*l? 

22.70 

653.19-1 

69 

2.6-123 

23.03 

o53 . o2 4 

% t XX'tX'X'XX.t^ XXX'XXXXXAXXXXX txxxx 

1 1 j; « j: X 3! « <( 


T'-i; '/'hL'ji or •; i.; rc. ■- i.i;:.- 


Ti-'E 'vJAL'JE GF ’-iNllTuL IS -- 0,U3C2 i •' 


THE VALUE OF CF < GL'^EN ) - 3.27 0E-02 


INITIAL STATIC PRESSURE 
TO STAN-5 = 143-1.06 

INPUT 

PSF 
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resuU in a at the natcn point that is within 0.50 percent 

of that calculated by Allen's correlation. Running STAfl-5 

for the fifth time, one obtains: = 0.003288, which is about 

0.5 percent of that -calculated by means of Allen's correlation. 

9. Run the modified STAfI-5 comouter code to obtain the values of 

ic -r along the surface of the cone. Tne total Prestcn-tube 
ert 

oressures downstream of the match point at about one-hal^ men 
intervals of surface distance must be input to the modified 
STAN-5 computer code. 

Obtaining the values of ''eff concludes the turbulent boundary layer 
calculations. 

A complete listing of the Mini -Basic ccmpucer code is presented on 


the following pages. 



ORIGINAL PAGE IS 
OF POOR QUALITY 


• / 

Axrxxs'XAX.xr.xxxxxx'knxXAXx-Xjk-. x> .* 

1C 

F2.1 

y X X » *c,xx XX X X X XX 

::c 

PE'-I 

hlNI-BASlC 

'I'J 

PEH 

cr 

•10 

PE.1 

AMIR NASSIrHAFAHD 

■^0 

REH 

K X'K'KXXX.KX'KIKXJC X li.'tXX XX 


pEM 

PEEP IN MI.ID THAT ALL 

■'<) 

REM 

ChFfO COHhArlOS ADFE.3 

cr 

PEM 

THE PPINTEF IN 

?G 

REh 

DECIMAL notations 

too 

REM 

THESE ARE CENTFONIC3 

110 

PEi1 

MODEL 739-1 COMFATIELE 

120 

REM 

COMMAND MOnE CLEARS 

130 

REM 

THE SCREEN 

140 

HOME 


150 

DIM 

HINF(21) ,REFT(21) ,QINF(21) ,Z( 


50) , 

L0(50),C»(50),T(3) ,D»{50) ,A(3 


) ,B(3) ,C(3),X(153) ,Y(153),A1(22) , 


E:1(22),MJ(21),MG(21),MH(21),X1(25 


0) ,X2(250 ) ,R(250> ,U1 (250 ) ,UT^253 ' 


,U(50) ,H%i50),PV<19> ,P3(21J 

IKX'KX'K.K'K XXXXXXXXXXXXXXXXXXXXX'KXXXXXX XXX K 

160 

REM 

PUT THE CASES IN ORDER 

170 

REH 

CASE NUMBERS 1-19 

180 

FOR 

I = 1 TO 19; 


READ P9(I) ; 


NEXT 

I 

loO 

DATA 



r » c* 

1-1,11 ,13.19.2) ,21 

:c j 

FOP 

I --- L rj 21 : 


FEAD F3v2 : 


NEXT 

I 

210 

L'M i ri 



5, l<s 

,13,1“, 12,16,17,10,1: 

220 

HOME 

• 


Q1 = 

0 : 


THETA = (5 X 3.1415927) •' 130 : 


= 

•'XXXXKXXXXXXXXXXXXX Jt» X JCXXXX X 


* t \ t \t\" 







230 

S5 = 

Di 





! 


ORIGiNAL PAGE IS 
OF POOR QUALITY 


S3 ii.C -L 'I. 


r.7n 


IiIVCFSt! . 

r- r z '»T 

I* * 

r4Gr..iAL ; 

rr--iNT D9S 
. jlf't : 

fsifiT itiE CjFgv; - _■; r.c£UL‘i u 

r •' Hc: • : 

r . T *. 

- ' !>•' “ 

“ T i~ t» » 

I ^ L_ « 

-.•INI : 


L.irti'if 7. :^G, ,■ : 3 . 

1 l.illit, '.'LLl.CT' 



* 


f-'RIHT "3- THE Ira'TSClf TQUHOF.' 30 



2S0 

NDITI0N3-: 

PRINT J 

PRINT 'M- OPTION TWO AND OPTION T 
HREE" 

PRINT J 
PRINT U'S: 

PRINT 0?t 




PFINT ; 

PRINT "INPUT YOUR LHOICt NU.-EER" : 




INUER3E : 

i.nfut •• 1.1. Cf 




i. • 




NORMAL 



m'i 

<'xxi't'5:s;:::sr«jrx./iK'irscjjx^c;cax£rs*siiir'ts 



~ « 1 

;:■* C' : '>'~z i.ip.r 



- « 

I-! 3 E . ir , ' 



w C 

' „ -t CHC. -7 •lU.-i. t. - 



rri’ 

Li' /i. “ b. wi» '•'1 

- 

' 


VI = 

THEN 

GOTO 360 

1 

j 


3-10 

HOME : 
FLASH : 
:"EED= :ju 

i 

• 

ZZ*) 

-'iNT •"•Cw :o i,.F'. ■ . 

R H": 

NORMA.. : 

SPE£D= ZU5 



3= ) 

Pf.iNT : 




w U 1 .. 


i 










0RIG5NAL PAGE IS 
OF POOR QUALITY 


?FI.'!T : 

-FlfJr "WCULr. 

1MVER5E : 
IfiFL'T •• 


* M r-tA" C Clf 

liiFui ,1- 


{■f I;FT D?$; 

NOFflAL J 

-XF • t *• * vll^ » » 


THEN 
HC.1E .* 

GOTO OSO 
390 HOME 
"FOO IF <Vl = 1) >. 
THEN 
GOTO 550 


tIO REM CHECK TO SEE IF 

is REQUIRED 

-130 Tl$ = -DO YOU NEED TO SOLDE FCF N 
EH XEQ<CONE)'J 
PRINT Tl$: 

INVERSE : 

INPUT i.E, input 'Y uR r 

NORMAL ; 

PRINT t 

IF <T$ ' "Y" and T$ "N"' 


-HO 

*550 


■F60 


THEN 
HOrE ; 

GOTO ^130 
PRINT D9S 
IF (T5 = -i-; 

THEN 

.INPUT “INPUT THE VALUE OF 'CF' 
f CSF * 

PRINT : 


INFLT “Ir-.E V-'-LUC OF -fi 

PRINT 

IF <V1 <• >1, 

THEN 

INPUT “INFUT THE VALUE CF xL 




e-e. 


I 

\ 

ORIGINAL PAGE^, 
OF POOR QUALITY 


A"(1 P'E i Cu I 1 -.' Thu I.i'r ij ^ Zt-t‘n 


.'o Fri>'T : 


I.-TUT "IrPUT 
NC’.iES 
PRINT : 

1 1 !c •' Ai«U w 

*w?* * ■ JLi' ^ 

INPUT •• INPUT 

THU VALuC 

UP . V nP •• I 

'■ INCHES 5"T 
PRINT : 

\’*r 


I;'PUT "INru' 

• i' r • 

^'iC VALJE 

u- CP : ■ 

. - 1 t 

r'‘'iNT : 



INFU“ "INPUT 

TdE 

or r r 1 

N i-'^r :-:p 

IT y 



rriNT ; 

INPUT "HHAT IS THE CASE rlUliEER : ' 

;n: 

Z3 = P9(Il) 

500 PRINT ; 

PRINT "USE THE WU&LOCK PRINT OUT 

II • 

INPUT " TO INPUT THE VALUE OF ' 
n:<T' :";n<t 


%»'r.it.fx'*tx:xxxxxxjiixx%%xxxx%xxxxif.xxx*.xxx%i. 


510 

REM 

ALL the input 

510 

REM 

INrOnMATION 13 ODTAINED 

530 

PRINT 

D?i; 


PRINT 

0$ 

5-=»0 

HOME 


X ^ % X 

• ( X' il>A« XI* » •XIXAXVJCJl.tX’, XSs> XXk.- - - 

TI j 

PE.'S 

FEAC '"ru ■'Lull CUrJO'CN'S 

Si- 0 

F EM 

F IS 1 IE 

er— 1 

RE I- 

r.iJCLErv S EuN- 

^ 

O J 

REh 

FF IS THE FCCuL'EP'i 

fi'^0 

REM 

FAC'iDR 

600 

READ 

R,GC,GAMA,B,K,P,RF 

isl 0 

DATA 

53.35,32. 17->» 1 .T ,5. , . 1 .5, 


- 



:-.ou£ 

i T ' * 

XXXXXXXXXXXXXXXX tXXXXXXXXXXXXXXXXXXXX XX 

630 

REM 

DO NOT PRINT THE 

6-'»0 

FEM 

KEFF V3. >/L 

, «r 

FEM 

IF IV 13 >K'T ACf El =Ct 




ORIGINAL PAGE IS 
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c- -- •3T?„ic:ir LiNii ..iir'.'i: pir oi* 

Clt- = ■ V. L 

• * 

• 

f l.«T t>i ; 

F'-IHT ci: 

PRIMT : 
f r ifsy Lit: 
f.-LC L'‘i: 
f-t INI 


. J = 1 10 Gl 

E 1 (. J } - L 1 V 0 ' 

^ ' n . 5 uul 

.iCTA> : 

u 1 \ J : — XiM 1 


.5' / !0:0i30 

* 

Ai(c) - iNr 

vAllJ) -X IJOCflJ 


.5) / looooo: 

NEXT J 

FOR I =* 1 TO 1? 

J a p?(i>; 

IF (Al(J) :: 1 ) 

THEN 

GOTO 7J0 
INVERSE : 

PRINT "hlNF = •• jnlNFC J> ; •* REf 
T E -06 = "{REFrul) GINF = '• 
;oiNFkj? : 

NORhAL : 

PRINT ■■ K";i;" = : 

"*x/L + <0 ”;ai^j> 

GOTO 7T0 
INVERSE : 

.■l-INT "MINF -- ;MliJr V.. ■ : 

T £-0o - ‘jREr'^ij’;' - ‘ 

:qinFi^. . 

MORhAL : 

fRiNT •• u-;i;" = , 

"xX'L ♦ i " ;au J' ; 


“■10 

NEXT 

i: ‘ 



PR* 

o: 



END 



750 

GOSUE: 2530 


• K fxr. 

H 9. H K X 


A t « V » \ 

7o0 

REM 

CALCULATION OF 1 nE 

FREE 

770 

REM 

STREAM PROPERTIES, 

ME 

780 

REM 

UE, AND ETC. 


-c . 

FCf' 

> cr = : . r. ' » ^ 

. J 

■* • 1 

r :..r 


>. » «t r * * 
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32 


K 


i 



ll‘i rEii f-* r i ■:NF=FTGTAL-rriFT .'-t 




= ' .2 s nird'* :g. •• / V 1 

— » 


( 3AMA 

- 2) ^ (nlr!F vZS; ' 

) 


\ i Q 

AMA / (GAtiA - 1 ) * . 1 

, V 


CAiiA 



K'f 


^ r : * 

OO 1*^ 

PEA 

~x h.SE=hE'2 S' 


Q-‘0 

MGE = 

+ -UlrfF-ZS); * \GF 

/ * * 


Ir>F ' ' 

^c-1/ 3.5' 3* 

i nIN 


Fc22) 

' Z .• ^ ) - 5 


850 

ME = 

SQR CMSE) " 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

860 

REM 

KAx { TINF^'Z ) +KE:*TINF+KC= 0 


870 

KA = 

(1 / (2 X QINF(Z3)) ) X ( 

SQR 


(GAMA 1C n * GC:> * (Z.27E - 05> 
* IMIMF (13' K REFT (25) , : 

KE = - 1 : 

KC = - 198.6 

880 DTA = KB '' 2 - (4 * KA •* KC': 

TIMF * (1 / (2 -K KnO V ^ - KC - 
8DR f.DTA') 

8'>0 IF (TIMF - 0) 

THEN 



TINF 

= (1 / (2 X KA) ) X ( - KE- - 


SPP 

(DTA ‘ ' 

t ** t F 

H 7 ♦ 4 

KJC7'tK.>7 X'% i >ls.) K. ^ f * \ \ 

' } 

FEn 

CAL.^GL-'.rr_N jc^ 07,-iEr 

= 10 

FEn 

Arr< r ’? OF 7X£3 

rZ3 

TIL = 

(TINF) « ( ( V ■.MINFxIZ; ) Z. 


^ ^ . 

5) X (GAMA - 1/) -'• 1; 

930 

TE = 

TTL X ul + ( .Z X nSE,' ) * - 


1 ' 


”^0 

UE = 

(ME) ic i SGR ^GAMA x GC t R 


■\ "E'- 


XXH.X¥XX KXAXXXXXV.Xt.XXXX 

950 REM PPT IS THEPRESTON- 

‘»60 REM TUBE PRESSURE 


-1 ,-r-- _ p.--r 1 EKF 



\ 

\ 
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K 

r 
1 1 


> k, jC JtXCAtj:?.'* > *3>A X’A > ,* 4; X 

3uE3Cr.IfTJ i,EfAf*C' - Of'w- • 

0 THE rLdID FFOFEF’IEE E;ni.UAr£E 
AT TEDCE, TSTAP, AND T'JAL- :-E'3rC3 
“VELV 

L''Z} Tx.' = te: 

TxE • = TiTA? ; 

1 x3) = 1 AH 

1330 FDR I = 1 TO 3: 

AvI) = tFE) xF ^ Ixl.'/: 

EdJ •= x2.3r;\ <' X '■ X 1 ; ' I.!!' ' 

(10 ' - e> / X T(l' +• i'.-C.o, . 

c(i) = B(i: ■«= i3c / A'l) ; 

NEXT 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1040 REM CALCULATION OF CF(ALLEN) 

105Q MPT = SQR ((2 / (GAMA - D) x x( 
(PPT / PE> ' xxGArtA - 1) / GAMA;.' 
- U) 

1060 UFT = GOR {(1 + ((GAMA - 1; * xM 
E •' 2) / 2)) / (1 +• ((GAMA - 1) « 
(MPT ^ 2) / 2')) X xMPT ! ME) x 
(UE) 

1070 KEFF = AKZ3) + £:l(Z3) x X-K 
DEQ = .0075 X KEFF / 12 
1080 RD = (UE X DEQ) / (C(l>) 

10°0 FI = (A(2) / A(D) X (Bxl) E'(2' 
; » RD ■» UFT UE 


JCS > 1 ^ X » ». kX3.X> XTkXAXX Ik ' > K 4 X XXH X 4 5 X X X« I 

110 3 FEM XX CALCULATON OF F2 " 


1110 

F3 = 

LOG (Fi) / LOG xlO) : 


F^ = 

(.01239) X xF3 ' 2) + X 


) X 

(F3) - .4723: 


F2 = 

10 ■' F4 

^ s'' \ 

%XKX% 

X tfTt XlLXXt^'t k yjx'* XXKXyX* » 

1 U 0 

■■Er. 

XX 2*jD or "2 LnL. • 

1130 

21 = 

(B(l) / 8(2) ) X RD * ( : 


A(2) 

/ A ( 1 ) ) ) 

ll-»0 

Cr = 

(.“2 / 21 ' '2 


«»»»». 

1 » A is * 

. ' TO 

I a."? 

L.*’*. L.X* JT --UU^.* 


r 

L-wJ jLATIUN 
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f- 




fjt'f \xx'xAX'xxxxx k. rjc). X xjCAaiAacAJt^ x x x x x 


H’O 

iiiv: 
1 1 ■■ 0 

REri 

PCM 

FCi-i 

CALCLLATICjN LF 
I'ECt ( F . F’ • i , XEO ^ CONE 
^ 2 2 = 5 E 2 F . f . ^ 

120 0 

XI * 

U-^35 'X rU 2 ' ' • 1 . r cr : 

5 


UE' ; 
XEO 

£<■' v:-: ' .5): 

(GO X £ ^2' ) . .. .LC .? M' 2. X 

- '<2 X. X3 

1210 REM iC'Jt XC=yEO(CCjfJE) 

1220 

XC = 

(2.263) X uXEQ) 


XXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXX'X'XXXXX 

1230 REM XX XO=XCOME-INITIAL xx 


1240 XO = XC - .5 / ( COS (THETA)) - < 
H •' (12 < i COS (THETA))) 

-lOC.XXXXX'XXXXXXXX'X'KXXXAJCX.KXXXXX'XXXXIXXS^JlA 

1250 REM SET THE INITIAL 
1260 REh STATION OP STAN-5 


1220 IF (XO -1 0) 

THEN 

XO = 1 / 12 

^‘xxf«xx*xxxr»Kt.xx*''«xxx'»xx:»>xj. x'xxsxj.f/ 
1200 REM <» LS=^Z'--‘ F.F . ) - iNi'IAL - ' 


1290 LG = (1 / 2.2oG) x XO 

xxx-xxi'xxxxx xxxxxxxxxxxx xxxxxxxxx i>j: X t' . „ 
1300 REM XX LF=CF(INITIAL) xx 


1310 LF = (CF) X -.(XEQ / LC. (1 / 


X^^X»tXKXXXXXXXXXAXXXXXX'AXXX»«^AXXXXXAf* 

1320 REh XX La=LAMDA\R£F. ; xx 


* 3%30 Li — wt^F ^Lr ^ rt% 1 

' ' » 




I 


wS*- '■'‘OS IS 

POOR QUALiry 


Q= 


* 


1 •ir.XJC 

1* <l ? 

K A Kr^ kxxx*>.x:t xx 

‘.S'*? 

•rc.*! 

1-1=3cLTA 1 r Er - ) *.L‘3 

i:-~r. 

^ Eh 

T* • 1 **• • *1 

«.l/— * — -tu 

I2.i0 

ir 1 1 • } 


THEN 


'jC 1 

3 IS 10 

1 

i 

L. V - 

E.i - • ■ 1. 1 - J - •. 3 ^ 


1 ^ 

^ — 

L3 •> .Cv2) X Li , 1 • 

13C0 

GC'TD 

IblO 

X'XK'f X 


13?0 

FEH 

FIR3” "RDEr. LEAST SOb.nRE L-'or 


t.'E .- 

IT 

1^00 

Z4 = 

0 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

1^10 

REM 

X(I) IS THE SURFACE DISTANCE 

1-12C 

REM 

Ykll- IS THE CuRf.ESh UilL'ING 

1130 

RCM 

LAMINA? KEFF 

1^*10 

REM 

DATA OBTAINED FROM 

USO 

REM 

WORK DONE 

l-’'o0 

FCM 

BY 

H70 

REM 

REED AND ABU-riOETAFA 

1-ISO 

FOR 

I = 1 TO 153: 


READ X(I) ,Y(I) : 
NEXT : 


• 1* • lc3f£>»il>r 1 »luv ^4 

30»/ •5*l»3zf3 


1^90 



i/ri in f 1 . 

- 1 1 - r . ^ 1 6 , 1 1 • s r 1 . *^2r , . 5 , i . 1 


^2,llrl 

— » t — ^ c- . , t 

“ c- r c*"* ce* r r - ^ » ‘tr = 

. •.•• ^ f M> • J • • 

- f 4> ll/^rO*wf L ■ li 
■ * ,T — — =• t • - 

'J 


h. 



36 


original page is 

OF POOR QUALITY 


^ f 1 
I r. 


<*^<r « “.-v I I 


r. . T ^ 3 5* • 

j f *j p i • •J / *h.»O^X»i 


C?,?,1.36?,?.S, 

5. i. •122,11,1.426,0. 


;•, 1.3S1,7,1.05 


'. f 2 0 


Ci^TA 

=: j I 


.G 5 r,i?,l.i)o?,S Sfl.Jj 


,411 , o , i 


it" 4 ♦ '?”w * 


/ 1 r w • 


t *» > ? 1 ' 


1521 


1540 



<ac.x.-«j.j;*X3tac,xic K*jt*ic'K-*XiiJCxn.xj:,j:“XA,».»y *.> 
1551 r!2M ISOLATE THE DATA 
1560 REn OF DIFFERENT CASES 


15~0 


L ^ > 


1590 


FOF J = I TO 21 : 

READ 

."JZ-;" 

D -Lr* ,...,lc. .1, 

,5w,5^,o0,6*^,.i 5,/5, * o,.,.! ^ 1 

,'^3,?o,102,l03,i0r,lGS,ll3,li“,_l 
7, 110,122,123,128, IZ'4, 135,136,137 
,140,149,150,153 
FOR J = 1 TO zi: 

READ MINF(J) ,REFT' J> ,OINF( J> : 
NEXT j: 


.5, 


SO 

4, 

7, 


'.St .6, -^,'7'. . J.2, IC 

J — t 

* ‘ ^ w r 


7 # 3 f*? 08 f* 4 f 4 »n 03 » * ^ p 3 ,2-ict p *^p 
♦ 4 , 2 * 5 , 3 ? 6 , • 7 r^, 538 r .Br^r 6 l 
7 p *8#5r7ol p »8r3|*^53r 

p^92p.^pZpS^Z, .^Zp^ 

CAifi 




I 
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1^13 

OF P 

IF > y 1 • 



TdEfi 

FCR J = 1 

Tu I. 

‘ j 

IF '.'/t - 

i > 


THE)' 



FOR J = 13 .D 23 

't 'T.lAX f 

X'X'X XX XXX XtX'XX XKXX:iXXXX JC'> XXX 3 ; \ X 3v 

1630 

r 

USE 1 h£ aE'GVE lATA 

1^ '0 

REii 

OE'TmiiN The. 3»i_- 

16S0 

PEn 

CURIE FIT 

1 06 O 

SI = 

0 : 


S2 = 

0 : 


S3 = 

u: 


ST = 

0 ; 


FOR I = MG(J> TO MJ(J): 

51 = SI + x(i>: 

52 = S2 + X(I) 2 ; 

53 * S3 + X(I) * Y(D; 

54 = s^ + y(d; 

NEXT i: 

muj.' = hJiJj - MGfj> i; 
Z2 = nH(J> * S2 - i£l •' 2) 
1670 BKJ) = ((hH(J) * S3) - «.S1 

X S'})) / Z2; 

AUJ) = U32 * Sn) - ;31 - 
S3)> / 22 ; 

NEXT J 

1680 IF (VI 4 > 1) 

THEN 

RETURN 

> K X liii’j.ac* • X* » Aji «■* > V » X' , v , 

iv"'-'] RCri SET UP TIiE ri-IN^Er 

1705 rEN IF IT IS ASKED TCF 

irtO REH THE INTERFACE EDAt'D 

1720 REM IS ASSUMED TO EE 

1730 REM IN SLOTtl 


17-10 IF (P* = "N“) 

THEN 

RETURN 

1-20 :*Rt 1 

17 o 0 PRINT CHF.$ <.V>r’ 60 N" 

1770 PRINT : 

PRINT : 

PRINT 

i”s: r'=iNT ihRt 

1 " : rflNT : 

r If'T 

ic:j ?E~UR-. 


f 

I 
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X I I ^ 



X X X A ^ A X 4 ^ Xj 3 C<Aj^##IXX<X<A ^ iX X vX 

CALw»Jwr* • XOM uF 
— r4ju^J.riL ^ Jh C *Jl-l-f*T 
';EL^-ClTf f-FCriLi 


IG-*] IF -.Ti = “Y") 

THEN 

GcTO 2C7J 

/--'i:A';;<(t^.!iikAi.:x'KJ:A!Lxy4C«s^s;jk>JX:ric4^Aj:»:xjL»xx>>. 

REM USE -•••JJ’.LjC: RESULTS 


tS'O IF iTt ^ •!■>•• i 
THEN 

YU = xo : ■ 

^JP = XC 

1870 GOTO 1900 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

1880 REH REF. THE B.C'S 
1390 REM TO THE V.O. 


t='Q0 HOME : 

uv = o: 

XG - HP - (Xh / I.1Z X 1 cos vTHET 
A > ) :• ) : 

FOR I = 1 ro nreap: 

^2<I> = >2(1; + XG; 

R(I) = X2(I) * 1 SIN vTHETA>,-: 

IF (UU = 1) 

THEN 
NE.>>T I: 

GOTO 

:M0 IF ^.\2il; fU ' 

THEN 
SI - i; 

UV = 1 
I'^EO NEXT I 

XX KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXr*,X 

FEM Z=VE=riC,i^ C'ISTA.JCE F- ^-I 
2UFFACE i-F THE CLNE; 


U(I)=INITIAL VELOCITY PROFILE: 
U0=WALL FRICTION VELOCITY 


■ 'I.T EGLV£ "hE EDiE 

i'Tj VELSCITf f T.-E 

:--;0 FEM If.iriAL STATION 



’J"** 




ORIGINAL PAGE IS 39 

OF POOR QUALITY 


^ c - 

12 = >JI - 1. 

UG - - HL Z-. • ‘ >2 

) - XZ<ri V -5 - .2' 13- ■ - j 

U22) 



1 r 

U. ■» u ' * « 

UO - UG . Ui 



loog 

u^i: = 0 



2Ct!0 

zci) = o: 

Z 1 2 - .005 L = 

i 


r< \ r » 




2010 

FEN AND 30LV2 FOR INITIAL 



23 2: 

F2.1 EDGE VELCCiri' 



20 :o 

25 - U 



2C-t0 

FOR 1 = 0 TO 50 



2050 

IF (I •>. = 21) 




THEN 

Z(I) = Z(I - 1) + 1.010 * (Z(I 
- 1) - Z(I - 2)> 

2060 IF (I > 21) 

THEN 

Z\I) * Zil - 1‘. -h ;.20 
- 1> - Z^I - Z'> 

2070 IF iZS « If 

THEN 

GOTO 2090 

20G0 IF (ZvI) ' L^) 

THEN 

X8 * I - i: 

Z5 * 1 
2070 NEXT 

2110 FCF I = I ’0 -ij: 

L'jvl' = Z^I . L^: 

NEXT 

2110 XS - ,x5 *- i: 

2<X3) = LJ: 

LOixs) = i: 





FOR I = 2 TO X8 



2120 

01 = llvl) * UO) / CiZ) : 

02 = LOG (01) 



2130 

03 n 1 / k; 



21-10 

0 ^ = F '' oj: 

05 = >o.' ^ <.LJnI '2' 
Co = v-»' -K vLO vl) ' 3) : 
07 = lO-l) * (05 - 06) : 

to 



08 = 03 * 02; 

09 = (03' X <,L0(I' ' 2' T vl 




L'3 • I • * : 




V'l. = uj - j- 

-• 


21 *: 

NX^r 







CniGlwAL PAGE !S 
Of POOn QUALITY 


liOTO Z*f ZG 


90 


, 1 x-j jt-x X.XAJC 

2170 R£n PRINT OUT THE 
2130 REM VEL. PROFILE 


2l'=0 IF = -N") 
THEN 


'juTO zhoG 

1210 CHEOU ANO CEE IF A 

^^10 T'E.t HAr\D CjFV is ASKEu' EOF 

2220 

PRt 1 


2230 

PRINT 

CHR$ (9 );*'o 0 N" 

22-^0 

PRINT 


2250 

PRINT 

CHRi <9);"20L" 

2260 

PRINT 

os; 


PRINT 

•• THE INITIAL VELOCIT'i FRO 


FILE OF THE"; 


F F INT 

" TURELLENT £'CU.4DR-. 


LAYER' 

It • 
* 


PRINT 

D9s; 


PRINT 

* 

• 


FRINT 

DIST. FFCh U'^LL 


VELOCITY"; 

FRINT •■ FT^lO'o 

FT/SEC"; 

F PINT : 

."■If'T C'Fi: 

f-lvT ; 

^ I.JT 

227 3 rCF. I = 1 1C XS; 

•Jfi' = iNT vU'i. t io:g ^ .1, 
/ ijoj: 

Dili) = STRi 

D$il) = D^CI; + ■•OOOOOC” 

'*'»^'t%yc-K%xxxxxxxxxxxxxxxxxxxxxxxx%*:xxx%xx 
223C FEM UCE STFIi-'G: TO EOF MAT 

22 M F.EM THE TAELE 'JF ’-nuLES 


2300 Z(I) = Z(I) * loooooo; 

2(1) = INT (Z(I) * 1000 + , 5 .> 
•'■ 1000 ; 

X'l) = iNT '.rk: ; 




or^lGir^AL PAGE IS 
OF POOR QUALITY 


iicj ir iVL = : JF M - J' 
THE.' 

u0“0 


»' »,»«xn;i:-xxt>vx-»aci'5x>x;nxs-Aix x\i'. 

EEr- ‘Tur cur ’i-iE 

Eire REi^ UEL. EfGFiLE 


IF ‘Ft. ■= 'M" • 
THEN 

■JOTC! I26J 


r X X xjrxjSTC KxacxxxiJCJtsxxxAXAaAxxxa.*-*’ * • ■> 


220 0 
2210 

FEM CMECI^ 'r»-Z Xr A 

REM HARC Cup: I- nSKED f'uF 

2220 

2230 

PRt 1 
PRINT 

CHRi (9>;"60N" 

22^0 

PRINT 


2230 

PRINT 

CHRi <9);"20L" 

2260 

PRINT 

D$: 


PRINT 

" THE INITIAL VELOCITY 


FILE CF THE”: 

FEINT lUFBULENT COijr!Ch> 

LAYER" : 

PRINT D9i: 

PRINT ; 

PRINT " DIST. FRCh uaLL 
VELOCITY" : 

PRINT " FT-x10-*‘-3 

FT/SEC"; 

PRINT ; 

FFINT D'^t: 

rrZiiT : 

FRInT 

iin FOR I = i T3 :s: 

Uvl) = INT lUv I'' » iujJ r ,z 

/ ioao: 

= STRt vU(.I'>: - 

D«tl) = Did) -»• "0 000 00 " 


xxxxxxxx*xxx%xxxxx*xxxxxxxxxxxxy:xxxxxt.t. 

2130 REM USE STRINGS TO "ORMAT 

II " } REM THE iAZLe. Ci ■•'nLjc.w 


2300 SCI) = Id) * lOOOOOO; 

Id) = INT d(I) * 1000 + .f' 
' 1000 : 

X d' = INT vl \ I ■ : 



I 



ORIGINAL PAGE IS 
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IF • ^E.. 

I Hiiii 

•.Hi I.' ■ = :■ 


- 

■ *- .:?• I • "'j j j 

2220 

CtCl.' = 

J • 0 0 " » 


OT 1 ) ) = ' 

'• 0.000": 


IF t LE.J 
THE-I 

uH'^vI'; 2) 


CTvI; = . 

.11' 


2~ V. LCN 
THEN 

^ h 1 ■ 2 , ; - 2 


CI\I) = ■ 

’ - ui • i: j 3 3 

23“'' 

IF • LE.' 
THEN 

' H 1 V I :• > = 0 . 


CHI) = • 

• •• ^ CHI; T 'OO'jO' 

2350 

11. = ETRt (I) : 


IF ( LEN 

(It) = i> 


THEN 

' 


1$ = ” '• 

4- 

2360 

IF ( LEN 

(H$) = 4) 


THEN 

C*tl) = LEFTt 
IF (I = l> 


THEN 

2^00 

2280 IF i IMT i2(D? = 1(1)5 
THEN 

C$(I) cTF.t iZ^l' • - 

. 0003000 " 

2390 IF ( VAL (Dt(D) = INT i UAL 

<Dt(I)>)) 



Z iCL) ,7 . : 
NEXT i: 

PRINT D9« 

2-^10 IF lUl = 2) 
THEN 

?Rt o: 

END 

:->20 IF <TJ = "N") 
THEN 

GOTO 3140 

2420 IF (Oi = "NEW"' 





r 


ORIGINAL PAGE IS 
OF POOR QUALITY 



* } 

. . • . 1 



-c 

R£'* 

GST-l..- HiE 1.JUI..J11,- 

' 

C “** c 

F2." 

•..OUF-Dk: I- .'hi: 1’ _3^■'" 


!• * *.* 

I'L.i 

.'■f 1 -.. 


2-‘ 7 0 

RE- 

.JM^NSHin 


2-'u0 

REM 

Ct CHANGING N3HIF1 


2*'*"0 

FEn 

THE SC'S OVER 



RCil 

VJIDER RANGE C.A* 


JI- ■ 0 

c>«» 

> M « 

IE LLTErhl.-'ED 


2520 

'C:i 

TME VmLUS OJ i'*Un ,*.ND 


Af-C EA'JLD Or! L,^r LRILNCL 

.:‘ ;o - jo: 

NS jo: 

MF I = NUli 1 

'«XL'«ixx](xxxxxxxxxxj(xxxxxxxxxxxxxxKxii».x>:ii;x 
2500 REh 

XKD-X/L <FT> FROM WU & LOC 
Kxx XI (I) IS MEASURED ALUNO THE A 
XIS OF THE CONE «■* XZ(I)=X ALONG 
TME SURFACE GF THE lOnE 

2S3C FOR I *• 1 ro NF-i; 

READ XIvD: 

NEXT 

«X»AKXXi:x»XXXXXXXXX>*ICX-\XXXXXXXX».-».XTl>.Vi 

25*0 REM X/L DATA FRUrl HU A LOCK 




DATA .oi2?ir .ozGOTr . J 

T-»- » % , 

■■ .-"JV. . . l_:_J ..... 

..3*. r.*.0.o5r»..S ..r.w*. '*0..... ..0 

« tteb'320 t » «. }u.Sc 

25v"0 DATA ,3137-J, .32391 , ,0...-* 

9230, .35939, .36955, .37970 , .3G9B*, 
.4000 1 , .41016, .42031 , . 4304o , . 4-*0* 
0, .->5074. .4*08'=', .47103, .4G116, . 

..5. 0, 


; -5' 


, w ^ ^ Zj t .oOtaOO, .Ol.. , *0..taW^0. 

og 

2570 DATA .*4308, .65310, . 6632S .67337 
. .633'*6. .*°35-*. .-OJoJ. .ri.L'l , •~Zl 


• . j . , 






u r I 
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Ic,*. 5 




~:p I =• 1 to fpi: 

.'. 2 - I) -- vXKI. ^ 

coc -theih. : 

“,T' s '* L * Hu » tt I 

,r-» -r- 

FOF, I = i to f*Pi: 

?£AD U1 ^.I) t 


2- JO FCr. EF-'A rFuM -O uOCX 


2 - C'ATr'i 0)3 V. 32 ,o 25 . 22 r o 36 . 32 , ’ 

, .5 j- , 7 i . * 30.21 r-ij- 3 » >35 t . 0 j » O.V • ^ 

37 ,o3? .TO . * 4 U / 1 •’0 • 2& » o^O . 54 . *“y . 

S , *41 .0 1 ,o41 .24»o4 1 .46 ,641 .** r otI 
.87, *42. 07, 642. 26, 642. 45, 642. 63, 6 

42.81,642.99,643.17 ,643.34,643.51 

,643.69,643.86,644.02,644.15,644. 


2650 





2o -0 
2 “i: 
2 “ 10 
2720 


DATA 644.53,644.70,644.87,645.04 
,645.21 ,*45. 38, 645. 55, 645. 73, 6-»S . 

c*!] , b46. OE, 6-^6. 26, 6^6 

<-..31 ,647.0 0 ,647.19 ,647.39,64, .5? , 

647.79,643.00,643.22,648.44,648.* 
7 . *48. 90, 649. 14, 649. 33, 649. 64, *4 9 
. , *50 , 17 ,650 .45 , *50 .74 , 651 .05 

DATA *51 .37 ,651 .70 ,o52.04,o5_.4l 

,652.79,653.15,653.62,654.07 ,o54^ 

55, 655. 05, *55. 60, *56. 18,656.81 ,*5 

7.49,658.22,659.03 

DX = ,<2<riXT) - XZCNXT - !• 

D'J - I'lv .T - LL T - !. 

- ^ 2 'f- 

u v” = ut .-‘.-r 

^JF" = N = T i48ri 
NF.EAR = f’Uii N8H *- 1 


r X KXX':X i. t. K ICTt,*."* « 


2730 

REH 

nt=ntot 

2r^o 

NT = 

NUM +- NBM ■>■ NBH 

* • * t ^ 

x%f t \-\xxxxt <AJk txjc-xi « X - »»,* *> x-r., X • X X 

2750 

REM 

HXT1=N1XT 

2760 

NIXT 

FOR 

= NXT + It 

T = nixt to num: 

2* xUl*2‘** i — *’i “ 



ORIGINAL PAGE IS 
OF POOR 0”ALITY 


:r"j V2 - ’juox 

ror- i - to .;o.t 

'• ‘2’. I <■ = ‘r'Cv^vi- 

I • • r • 

20 I w I' ^ X « 1 1 , H ' — 2 i *■ * * ii ' ' 

IN \ Ti!£T M J I 

2310 Ul (I + NSH) = UTv r' : 

MS'*’ 

I-C-O Fi)K I •■’ I TCi NfT : 

J -= .'iFP, ♦ I - i: 

' z \ .J “ r - 1 1 - : • ‘ L V ; 

P O' - XZ- J ' ^ GIN 1. 1 HC'r\ ’ • 

= u.a - vi - 1' T _.i.. 

NF.VT 

Zr.-"»0 FDR r - NOEAF: TO NT; 

^Zvi) = x^^I - I' « L-x: 

R(I) a X2(I) * SIN iTHETP»); 

UKi) a o: 

NEXT 

28^0 HOME ; 

RETURN 

2SS0 PRINT : 

PRINT 

ZS*0 PRINT ; 

PRINT : 

HTAB ZO - INT v LEN (OZP' . Z): 
PRINT DZt: 

PRINT ; 

PRINT ; 

INPUT 

ZL" REX tXi3>'E 

ZT' ') “El" L-iCirAiN-C r -J 


,tC'‘ } 

r Zr 

* 1 

iiE « ^EO 1. >. -M 

Z • - m'J > - 


Z" ;d 

\N = 

1 X 

V V L F / 03 

t ' ' 



A X K A K 

2^10 

REM 

>X 

NEW XEQ<F.P 

. ) =NF 


Z®Z0 

NF = 

• N 

/ Z.268 



At • X \ 

1 \ l V \ X. 



X > f t i 1 

Z<=‘ 30 

REM 

<x 

NEW H(CUNE- 

initial ' 

= NL ‘ •• 

2caQ 

NC = 

3 M 

- .5 i, CCjS ^THCTp. 

' • - X 


f* ' Z * V L . * 'it£' ,~i ' 


‘iL'N 



O^ieiNAL PAGE IS 
OF POOR QUALITY 


yo 


2‘‘'i ■' I Eh ‘ -F .• L-J - «. r . r . IfilTZi-iL; -I'l 


;>I • 'L , _.IoC. 

^ L > «« f K r XA XXAXAXAXAA:.XAAAt.AAAA^AL XX 

;-T-i AUi.Li^-ii<ITI.:.L,=,j„ 


I' ■•': ^l.^ = '.tr,' ^ nrJF / fix' ' .1 


kXTXAX.XX,XXXXACXXX,XX>.XXXJAXAXXXXXXAj;«X^Ax 

2'aoo PEh CAL, DELFA'IiJiriAL. -'.x 

3010 REM XX NEW LAMDA = fU xx 


3020 N1 = SOR ((2 * AC2)) / (NA x A(1 
) > ) 


XXXXX KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXY 


3030 

REM 

XX NE’J DELTA ( REF. )=N-i 

2'jJO 

N3 = 

EXP (u<l - h - i2 » P 


X K) 

» 

» 


NO = 

N3 X lClI) X Nl / 1' 

3050 

Li = 

N1 : 


LO = 

no; 


HOME 


3060 

Oi = 

"NEU" : 


YU = 

Nc; 


up = 

^n: 


iiJlfL c 

r ^ \ 
* ^ J 

• ~ 



. l:o 

• ^ s 

EXF . ui - E - •.! A r- 


K 

» 

• 


LO = 

L3 X lClI^ s Li / UL-' 

30?0 

FRifr 

» 

• 


pRiN'i' ; 


PRINT 

* 

• 


HTAE 

20 - I'JT l LEN lD2S' 


FRI'i ■ 

C Z - • 


PRINT : 

PRINT ; 

IF <P» = ••N") 


THEN 



tSx. 


HIT I L 


.' 2 rj ' :i 



f 


ORIGINAL PAGE IS 
OF POOR QUALITY 


X ^ \ - 

•X A ^ \ \ : 

X J ' 1 .X X X 


'! 1 0 

FC.'i 

liC 

« ^ 1 ‘ nC 

^ * t' 

''Z 1 

' w t 

x'' -f'-3 


:iio 

FE.1 

CEi 

1 Wf THE 

r RlfH Er 

3130 

REM 

IF 

IT 13 ASKED FOR 


X 1 I » X 


IF 'FT "M” ' 
THEN 

i..u"u 31 -0 


3.w0 

r h IN F 



FF.I 4T 

» 

• 

-C 

FRINT 


SI GO 

FRINT 

CHRt x‘5.- ; “ZOL” 

3190 

IF lUi 

- 1) 


THEN 


GOTO 3380 
3200 HOME : 

PRINT D$; 

'PRINT " ' INVISCID POUNCRV f,0 

NDITIONG*; ' ' 

Ff'INT D-n: • 

FRINT 

3210 FRINT •' SURFACE OISl . FvhDIUS 
EDGE DEL." 5 

FRINT " FT FTJtlOo 

FT/ SEC"; 

PRINT ; 

PRINT D'-s; 

PRINT : 

PRINT 

■JZL'i EO = EO - t 1_; 

J = o; 

FGR 1 = 31 - I lO NF-EAx - 1. 

IF xMiI' LO) 

THEN 
NEXT i: 

GOTO 3330 
3Z30 J = J + i; 

X2(si - 1) = i'u: 

R(GI - 1' = XZvSI - 1 ' " X 31 J 

i THETA" : 

UlxSI - 1> = UG 

32^0 X2(I) = INT xlOOOO •« X2vl) t 

.5) / 10000 : 

R(I) = R(I> ^ lOO; 

' z: - INT vRii. X 1000 ‘ .1 

k J J J • — 


- - 
1 H V • y 


( 




•w k \ 


J Q V J ^ ki X «. 



ORiGU>iAl. PAGE IS 
OF POOR QUALITY 


= 3 r? t V. A— ^ I . • 

Z •’ " w r % '.i' K Z • J ’ 

zt - sr.Nt , ; 

C5 = £j + ••oo:o“: 

• 

* 

>:i - ^ ••00 j ) • ; 

zr ( uEi' vjt) = 1 , 

UsE.'l 

JE = • • J-E 




rsM nU£ utEG 

FErt TO FuRmAT the f^UMEERS 


3280 

IF 

( VAL 
THEN 

CD$) 

' 

10) 


D$ 

^ •• II 

+ 05 

+ 

"0000 

3290 

IF 

( VAL 
THEN 

(C$) 

< 

1) 


C5 

= ••n" 

C5 



:':oa 

IF 

( VAL 

CE5.- 

= 

INT 


) ) ) 


THEN 

E« = STRt (U1(I>> + 00000“ 

3310 IF ( 'JAL (OF; iJ 

THEN 

D5 = STRit (F Cl) ) ; 

DS = •* O'* + D5 + “OOCO" 

3220 IF ( VftL CD$) '> 10) 

THEN 

DE - t ••o:*:oo'‘ 

'3' 5 .-FINT 

“ F X.CT ■ ■ t LEF 1 I i C 1 , c ' ; 

••; LEFT 1 
; LEF'^’ f- ^ E E . r ) ; 

NECT 

33-;0 F-F.INT 55: 

PRINT D95 


niX Kty'trxnxxxnxxyi.KXXXX'xxxxxAfx-x t ( axtctc h: k 


r« 

FE.i 

CDTril?' THE INITIAu 

33.->0 

Fc.i 

static pressure 

3370 

REM 

INPUT TO STAN-5 

3390 

EPI 
\ y / 

== <<(1 + V.2) -« CMINF(23> ^ C 
Cl * 1.2' • ^UC- ' 2‘ i .Cr 


,A • * 1 * • 
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OWG/.'VAL PAGF ic 


X X4 

• 4 

r- ' c 

FEn f-I *T . ur LCf.C J5 
FEr. INFOR.iATIOri 

zrvL 

3^20 

PRINT -Jilt 
'=RINT D?V 



IF ^TS - "N") 



THEN 

NC = xo: 

XN -- XC 


344C 

XN = XNT v.\N ■» too 00 
00 : 

t- , 5 ' 1 'J : 


NC = INT <NC « 10000 
00 ; 

XNS = STRS <XN); 

NCS =» STR5 (NO; 

IF (XN < 0) 

* 0 • 10 0 


THEN 

XN« " 0 " *■ xm *■ "OODOO" 

3^50 IF (XU i: 

ThEN 

Xfn = XNi + "OODOO" 

3 - 5 o 0 IF (MC . 1 ) 

THEN 

NC$ = "0" + NCS t "OuOOO" 

3 - 1 T 0 IF <NC 1 ' 

THEN 

NCi = NCS + "OOOOQO" 

3430 PRINT : 

PF INT C:-R i <10,: 

CFi = 3'= . 1.:F' 

3 -* J FPI 4 T t: 

FFZNT "THE VAi_lJE OF Ti*c. >Lj i- 
= LEFTi i FT" ; 

PFINT D‘=t.: 

PRINT "THE VALUE OF X-INITir,^ IL 
= LEFT'E (HCt, 6 ) FT" : 

PRINT 0 ?t 

3500 PRINT "THE VALUE OF CF(ALLEN) = " 
J LEFTS (CF-S, 5 ) ;"E- 02 ": 

FFIN’’ C?i: 

PRINT •• INITIAL STATIC .-FEC.O 

RE INPUT": 

PRINT " TO STAN -5 = "JErl 

;" FSF": 

FfINT OTS 
C 5 L.'' L' = : 

r -I''" . 

r * • 
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i-xxt r t x.x'jCiC X X »..xjfs f ix:t x x x=; * i xxx x^a. x x xjc 


3510 

r 

END 'HE MIfl-IA-oIC 

Zf-Ul 

RC^ 


25-»'j 

REM 

COhf'JrER CODE 

3550 

END 



APPENDIX B 

TABULATED VALUES OF TOTAL PRESTOH-TUBE PRESSURE, 
EFFECTIVE CENTER OF THE PROBE. AND SKIN 
FRICTION COEFFICIENT ALONG THE 


SURFACE OF THE CONE FOR 
19 CASES 
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rABLE III 


PRESTOH-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
HUMBER 29.440 


Case :< 

10. = 1 

=<MP = O' 

.9767 ft 

X 

0> 

II 

0.7003 ft 


:io. 


^0 


•^eff 

c^xlO° 


ft 

ft 

pst 



1 

0.7015 

0.97734 

3758.2 

1.3834 

3470 

2 

0.7422 

L.01804 

3754.9 

1.2957 

3432 

3 

0.7849 

1.06074 

3752.5 

1.2462 

3410 

4 

0.8263 

1.10217 

3750.5 

1.2136 

3360 

5 

0.8697 

1.14554 

3748.8 

1.1378 

3346 

6 

0.9113 

1.18714 

3747.7 

1.1854 

3300 

7 

0.9548 

1.23064 

3746.4 

1.1725 

3288 

8 

0.9961 

1.27194 

3744.9 

1.1536 

3246 

9 

1.0391 

1.31494 

3743.9 

1.1479 

3238 

10 

1.0796 

1.35544 

3743.5 

1.1650 

3202 

11 

1,1216 

1.39744 

3742.4 

1.1508 

3190 

12 

1.1647 

1.44054 

3741.8 

1.1605 

3164 

13 

1.2050 

1.48084 

3741.1 

1.1633 

3136 

14 

1.2467 

1.52254 

3740.5 

1.1667 

3134 

15 

1.2892 

1.56504 

3739.8 

1.1556 

3100 

16 

1.3331 

1.60894 

3739.1 

1.1672 

3084 

17 

1.3785 

1.64944 

3738.7 

1.1677 

3078 

13 

:.4ug 

1.59074 

3737.8 

1.1667 

3046 

13 

1.4574 

1.73324 

3737.5 

1.1810 

3042 

20 

1.5009 

1.77674 

3737.0 

1.1813 

3028 

21 

1.5502 

1.82604 

3736.7 

1.2017 

2996 

22 

1.5909 

1.86674 

3736.4 

1.2108 

2998 

23 

1.6323 

1.90814 

3736.0 

1.2167 

2984 

24 

1.6743 

1.95014 

3735.3 

1.2093 

2958 

25 

1.7174 

1.99324 

3735.0 

1.2227 

2950 

26 

1.7550 

2.03184 

3734.7 

1.2301 

2948 

27 

1.S0C6 

2.07644 

3734.3 

1.2358 

2924 

28 

1.8461 

2.12194 

3733.8 

1.2435 

2908 

29 

1.8870 

2.16284 

3733.5 

1.2494 

2910 

30 

1.9285 

2.20434 

3733.1 

1.2499 

2900 

31 

1.9704 

2.24624 

3732.7 

1.2529 

2880 

32 

2.0133 

2.28914 

3732.5 

1.2562 

2370 

jj 

2.0571 

2.33294 

3732.4 

1.2792 

2374 

3il 

2.1015 

2.37734 

3732.3 

1.2948 

2862 

35 

2.1464 

2.42224 

3732.1 

1.3122 

2844 

36 

2.1853 

2.46164 

3731.8 

1.3162 

2833 

37 

2.2259 

2.50174 

3731.7 

1.3273 

2342 
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TABLE IV 

PR£S70M-7UB£ PRESSURE, EFFECTIVE CEVTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 61.536 


Casa No. 

= 2 

II 

1.3133 ft 

^eq 

1.4431 f' 


No. 


^0 

”pt 

^ff 

CfXl0° 

- 

ft 

ft 

psf 



1 

1.4684 

1.3386 

2298.36 

1.9050 

3576 

2 

1.5096 

1.3798 

2295.79 

1,3269 

2990 

3 

1.5514 

1.4216 

2295.08 

1.7484 

3199 

4 

1.5943 

1.4645 

2293.65 

1.5504 

3088 

5 

1.6328 

1.5030 

2292.94 

1.6212 

3108 

6 

1.6774 

1.5476 

2292.23 

1.6032 

3080 

7 

1.7172 

1.5879 

2291.52 

1.6032 

3062 

8 

1.7580 

1.6282 

2290.09 

1.5896 

3054 

9 

1.7996 

1.6698 

2289.80 

1.5348 

3058 

10 

1.8416 

1.7118 

2288.95 

1.5425 

3036 

11 

1.8846 

1.7548 

2288.81 

1.5234 

3020 

12 

1.9286 

1.7988 

2288.52 

1.5440 

3024 

13 

1.9668 

1.3370 

2288.38 

1.5533 

3014 

14 

2.0054 

1.8756 

2288.09 

1.5573 

2955 

15 

2.0447 

1.9149 

2287.31 

1.5750 

2983 

16 

2.0849 

1.9551 

2287.33 

1.5863 

2982 

17 

2.1257 

1.9959 

2287.10 

1.5343 

7Q7S 

18 

2.1663 

2.0370 

2286.95 

1.5917 

2962 

19 

2.2085 

2.0787 

2286.31 

1.6098 

2946 

20 

2.2511 

2.1213 

2286.67 

1.6284 

2941 

21 

2.2945 

2.1647 

2286.53 

1.6447 

2942 

22 

2.3383 

2.2085 

2285.67 

1.6608 

2933 

23 

2.3825 

2.2527 

2285.53 

1.6368 

2914 

24 

2.4276 

2.2978 

2285.39 

1.5584 

2902 

25 

2.4659 

2.3361 

2285.10 

1.5788 

2901 

26 

2.5125 

2.3827 

2284.96 

1.7023 

2902 

27 

2.5515 

2.4217 

2284.31 

1.7152 

2892 

28 

2.5989 

2.4691 

2284.67 

1.7375 

2875 

29 

2.6473 

2.5175 

2234.39 

1 ."5Z5 

^ ^ » 

30 

2. 6833 

2.5555 

2284. :C 

1.7583 


■3 ^ 

2.7297 

2.5999 

2283.53 

1 “ 

? Q* ^ 

32 

2.7714 

2.6416 

2282.96 

1 .7355 

2560 
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TABLE V 


PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUM 
NUMBER 60.635 


Case No. = 3 X.^p = 1.3250 ft = 1.3586 ft 


No. 

ft 

•^0 

ft 

^Pt 

PSf 

■^eff 

c^xlO 

1 

1.3691 

1.3355 

1348.3 

1.4802 

3196 

2 

1.4091 

1.3755 

1846.2 

1.4282 

3178 

3 

1.4500 

1.4164 

1844.0 

1.3798 

3160 

4 

1.4918 

1.4582 

1842.6 

1.3579 

3144 

5 

1.5346 

1.5010 

1841.2 

1.3340 

3126 

6 

1.5783 

1.5447 

1839.8 

1.3114 

3110 

7 

1.6231 

1.5895 

1838.3 

1.2896 

3094 

8 

1.6688 

1.6352 

1837.3 

1.2799 

3076 

9 

1.7156 

1.6820 

1836.5 

1.2758 

3060 

10 

1.7633 

1.7297 

1835.5 

1.2587 

3046 

11 

1.7993 

1.7662 

1835.1 

1.2735 

3032 

12 

1.8495 

1.8159 

1834.6 

1.2854 

3018 

13 

1.8874 

1.8538 

1834.3 

1.2959 

3008 

14 

1.9389 

1.9053 

1834.1 

1.3108 

2992 

15 

1.9915 

1.9579 

1833.9 

1.3341 

2978 

15 

2.0452 

2.0116 

1353.2 

1.3356 

2962 

17 

2.0862 

, 2.0526 

1832.9 

1.3465 

2952 

18 

2.1279 

2.0943 

1832.5 

1.3567 

2942 

19 

2.1702 

2.1366 

1832.5 

1.3745 

2930 

20 

2.2132 

2.1795 

1832.3 

1.3905 

2922 

21 

2.2559 

2.2233 

1832.2 

1.4074 

2912 

22 

2.3012 

2.2676 

1831.9 

1.4193 

2902 

23 

2.3462 

2.3125 

1331.5 

1.4264 

2392 

24 

2.3918 

2.3532 

1331.2 

1.4404 

2882 

25 

2.4382 

2.4045 

1330.5 

1.4424 

2672 

25 

2.4852 

2.4516 

1830.4 

1.4553 

2362 

27 

2.5323 

2.4993 

1329.9 

1.4640 

’£55 

23 

2.5814 

2.5478 

1829.4 

1.4674 

2846 

29 

2.6305 

2.5961 

1328.8 

1.4703 

2336 

30 

2.6803 

2.6467 

1823.4 

1.4807 

2828 
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TABLE VI 

PRESTOM-TUBE PRESSURE, EFFECTIVE CH-ITER 
OF THE PROBE AND SKIN -RICTICN 
COEFFICIBJT ALONG THE SURFACE 
OF THE CONE FCR RUN 
NUMBER 25.375 


Case No. 

= 1 

Xyp = 

0.9867 ft 

'^eq ■ 

1.3711 't 


No. 

■'c 

^0 , 

^Pt 

■^eff 



ft 

ft 

psf 



1 

1.3732 

0.9888 

2481.5 

1.5635 

3024 

2 

1.4110 

1.0266 

2477.2 

1.4669 

3CC8 

3 

1.4594 

1.0750 

2471.7 

1.3431 

2983 

y1 

t 

1.4990 

1.1146 

2468.7 

1.2S71 

2974 

5 

1.5395 

1.1551 

2465.8 

1.2385 

2953 

6 

1.5809 

1.1965 

2463.1 

1.1923 

2946 

7 

1.6232 

1.2388 

2461.3 

1.1705 

2932 

8 

1.6663 

1.2819 

2458.8 

1.1347 

2915 

9 

1.7103 

1.3259 

2457.4 

1.1212 

2902 

10 

1.7553 

1.3709 

2456.1 

1.1135 

2388 

11 

1.8012 

1.4158 

2454.5 

1.09S2 

23/4 

12 

1.8480 

1.4636 

2453.1 

1.0849 

2862 

13 

1.8838 

1.4636 

2452.3 

1.0803 

2S50 

li 

1.9323 

1.5479 

24=0.3 

1.0562 

Z333 

15 

1.9318 

1.5974 

2449.5 

1 .0604 

7^ 

16 

2.0196 

1.6352 

2443.7 

1.C56: 

7=54 

■' 7 

• / 

2.0708 

1.6364 

2447.4 

1.C4CS 

2304 

13 

2.1099 

1.7255 

2446.0 

1.027= 

'’"GZ 

19 

2.1630 

1.7736 

2445.5 

1.03S5 

2"0 

20 

2.2035 

1.8191 

2446.0 

1.0413 

2770 

21 

2.2445 

1.8601 

2444.4 

1.0438 

2752 

22 

2.2862 

1.9018 

2443.3 

1.0327 

2752 

23 

2.3285 

1.9441 

2442.7 

1.0322 

274= 

2A 

2.371i 

1.9870 

2441.4 

1.0137 



2. -149 

2.03C5 

244C.3 

:.:o7- 


26 

2.4591 

2.0747 

2439.9 

1,0125 

2720 

27 

2.5038 

2.1194 

2438.7 

1.0007 

2'12 

28 

2.5493 

2.1649 

2438.4 

1.0073 

27C6 

29 

2.5953 

2.2109 

2437.5 

1.C017 

2700 

3C 

2.5421 

2.2577 

2437.3 

1.0134 



2.5335 

2.3C51 

2457.3 

'^'5 Z ■* 

• . • 


32 

2.7376 

2.3532 

2437.3 

A • u r 



1C6 



j TABLE 71 1 


PRESTON-TUBE PRESSURE. EFFECTIVE CLIITER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
HUMBER 59.634 


Case No. 

= 5 

Y = 

'mo 

1.2243 ft 

X„, = 1.1452 ft 

<5 Z 






No. 

ft 

^0 

ft 

'’pt 

psf 

c.xio^ 
e** r 


1 

1.1483 

1.2274 

1565.7 

1.4538 

3286 

2 

1.1909 

1.2700 

1562.8 

1.4067 

3264 

3 

1.2304 

1.3095 

1559.7 

1.347S 

3256 

X 

1.2706 

1.3497 

1557.4 

1.3159 ’ 

3222 

5 

1.3121 

1.3912 

1554.6 

1.2669 

3208 

0 

1.3547 

1.4338 

1552.6 

1.2399 

3193 

*7 

t 

1.3982 

1.4773 

1550.5 

1.2135 

3164 

3 

1.4430 

1.5221 

1548.4 

1.1884 

3160 

9 

1.4338 

1.5629 

1547.2 

1.1775 

3146 

10 

1.5253 

1.6044 

1546.3 

1.1818 

3116 

11 

1.5679 

1.6470 

1545.0 

1.1733 

3104 

12 

1.6060 

1.6851 

1544.3 

1.1699 

3102 

13 

1.6502 

1.7293 

1543.5 

1.1759 

3078 

U 

1.5897 

1.768S 

i542. ' 

1.1784 

3C58 


1.7302 

1.8093 

1542.3 

1.1862 

3060 

15 

1.7714 

1.3505 

1541.9 

1.1945 

3048 

17 

1.3121 

1.8922 

1541.5 

1.2104 

3024 

18 

1.3557 

1.9343 

1541.3 

1.2253 

3010 

15 

1.3994 

1.9785 

1541.0 

1.23S0 

3012 

20 

1.9436 

2.0227 

1540.5 

1.2465 

2994 

21 

1.3835 

2.0676 

1539.9 

1.2519 

2972 

22 

2.0279 

2.1070 

1539.6 

1.2650 

2964 

22 

2. jS82 

2.1673 

1539.3 

1.2844 

2962 


2.1250 

2.2C31 

1539.0 

1.2950 

?ado 

25 

2.1703 

2.2494 

1538.9 

1.3151 

2928 

26 

2.2124 

2.2915 

1538.6 

1.3293 

2920 

27 

2.2554 

2.3345 

1538.3 

1.3405 

2924 

28 

2.2989 

2.3780 

1538.2 

1.3573 

2912 

29 

2.3428 

2.4219 

1537.6 

1.3639 

2394 

30 

2.3874 

2.4655 

1525.6 

1.3559 

2352 

31 

2.4C30 

2.5121 

1536.3 

I "707 

2SSC 


2.4792 

2.5583 

1535.8 


ZS7S 

J3 

2.3258 

2.5049 

1535.2 

1.3812 


3 a 

2.5731 

2.5522 

1534.2 

1.3736 

2850 
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TABLE VIII 


PRESTOM-TUBE PRESSURE, EFFECTIVE CE.'ITER 
OF THE PROBE AMD SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 23.346 


Case No. 

= 6 

^MP "" 

0.9975 ft 


1.4616 ft 


No. 


=^o 

'’pt 

“^eff 

CfXlO° 


ft 

ft 

psf 



1 

1.4674 

1.0033 

2092.6 

1.5060 

2968 

2 

1.5072 

1.0431 

2087.5 

1.4118 

2954 

3 

1.5479 

1.0838 

2082.7 

1.3236 

2938 

4 

1.5895 

1.1254 

2079.0 

1.2583 

2924 

5 

1.6320 

1.1679 

2075.6 

1.2165 

2910 

6 

1.6753 

1.2112 

2072.6 

1.1781 

2896 

7 

1.7196 

1.2:>35 

2069.8 

1.14C9 

2832 

8 

1.7648 

1.3007 

2067.6 

1.1202 

2868 

9 

1.8109 

1.3468 

2065.6 

1.1028 

2852 

10 

1.8580 

1.3939 

2064.1 

1.0919 

2840 

11 

1.8939 

1.4298 

2062.6 

1.0785 

2832 

12 

1.9427 

1.4786 

2061.2 

1.0723 

2818 

• - 

1.9924 

1.5283 

2059.8 

1.0563 

2304 

* 1 

2.0432 

1.5791 

2053.4 

1.0540 

2"90 

A 3 

2.C949 

1.550S 

2057.1 

1.0347 

27'5 

16 

2.1477 

1.5336 

2055.1 

1.0253 

2758 

17 

2.1880 

1.7239 

2053.8 

1.0212 

2758 

18 

2.2289 

1.7648 

2052.8 

1.0255 

2743 

19 

2.2704 

1.8063 

2052.2 

1.0195 

2733 

20 

2.3125 

1.8484 

2051.1 

1.0133 

2730 

21 

2.3552 

1.8911 

2050.0 

1.0097 

2720 

22 

2.3985 

1.9344 

2049.1 

1.0057 

2714 

23 

2.4425 

1.9784 

2048.1 

1.0021 

27C5 

2- 

2.4871 

2.0230 

2047.1 

0.9886 

2596 

25 

2.5323 

2.0682 

2045.7 

0.9946 

2590 

26 

2.5781 

2.1140 

2045.3 

0.9996 

2662 

27 

2.6247 

2.1606 

2044.3 

1.0015 

2674 

28 

2.6719 

2.2078 

2044.3 

1.0015 

2670 

29 

2.7198 

2.2557 

2044.0 

1.01C9 

2562 

• <■> 

2.7684 

2.3C43 


1. 0055 

2656 


2.3176 

2. 3535 

2042 . 7 



32 

2.8575 

2.4C35 

2042.5 

i.02i: 
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TABLE IX 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AMD SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 40.547 


Case No. 

= 7 

\mp - 

0.7750 ft 

'^eq 

1.1229 ft 


No. 



’’pt 

'^eff 

CfXlO® 


ft 

ft 

psf 



1 

1.1260 

0.7781 

2578.8 

1.3423 

3002 

2 

1.1679 

0.8200 

2568.3 

1.2006 

2998 

3 

1.2107 

0.8628 

2557.5 

1.0055 

2964 

4 

1.2510 

0.9031 

2552.7 

1.0096 

2950 

5 

1.2922 

0.9443 

2547.4 

0.9575 

2940 

6 

1.3344 

0.9865 

2542.5 

0.9174 

2912 

7 

1.3736 

1.0257 

2538.3 

0.0873 

2910 

8 

1.4135 

1.0655 

2535.3 

0.8602 

2892 

9 

1.4542 

1.1063 

2533.1 

0.8531 

2S66 

10 

1.4915 

1.1436 

2531.6 

0.3469 

2364 

11 

1.5342 

1.1863 

2529.6 

0.8383 

2852 

12 

1.5777 

1.2293 

2526.7 

0.8230 

2826 

13 

1.6225 

1.2746 

2525.3 

0.8208 

2824 

14 

1.6663 

1.3204 

2523.3 

0.3108 

2812 

15 

1.7143 

1.365? 

2521.7 

0.3074 

2790 

15 

1.7575 

1.4C96 

2520.4 

0.8037 

279C 

^ ■» 

1.3GC9 

1.453: 

2519. C 

0.7379 

2782 

1 5 

1.3450 

1.4971 

2518. 3 

0.3036 

2'62 

19 

1.3845 

1.5366 

2517.5 

0.3071 

9752 

20 

1.9249 

1.5770 

2516.7 

0.6077 

2756 

21 

1.9715 

1.6237 

2515.9 

0.8104 

2744 

22 

2.0132 

1.6653 

2514.9 

0.3109 

2726 

23 

2.0558 

1.7079 

2514.2 

0.8126 

2722 

24 

2,0993 

1.7514 

2513.5 

0.8135 

2724 

^ ““ 

2.1432 

1.7953 

2512.3 

0.8165 

2712 

Z5 

2.1879 

1.8400 

2511.? 

0.3131 

2396 

27 

2.2337 

1.8856 

2511.3 

0.3210 

2592 

23 

2.2736 

1.9257 

2510.3 

0.3175 

2694 

29 

2.3139 

1.9660 

2510.0 

0.8241 

2684 

30 

2.3547 

2.0C68 

25G9.6 

0.9299 

2570 


'd . — 
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TABLE IX (Conti nuea) 


Case I'lo. 


Xj^,p = 0.7750 ft 



= 1.1229 ft 


ilo. 

• u 

X 

0 

ft 

Pot 

osf 

'eff 

CfXlO' 

t 

31 

2.3963 

2.0484 

2509.2 

0.8336 

2562 

32 

2.4388 

2.0909 

2509.0 

0.3432 

2666 

33 

2.4817 

2.1338 

2508.6 

0.8468 

2662 

34 

2.5251 

2.1772 

2507.9 

0.8471 

2650 

35 

2.5691 

2.2212 

2507.5 

0.8569 

2638 

36 

2.6140 

2.2661 

2507.2 

0.8672 

2634 

37 

2.6598 

2.3119 

2506.8 

0.8726 

2638 

38 

2.7059 

2.3580 

2506.5 

0.8792 

2630 

39 

2.7525 

2.4046 

2505.9 

0.8850 

2618 

40 

2.8000 

2.4521 

2505.5 

0.8970 

2608 
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TABLE X 


PRESTCM-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUM 
NUMBER 58.633 


Case No. 

= 3 

<vp = 

1.2063 ft 

= 1.2241 ft 
eo 


No. 


^0 

'’pt 

' CfXlO° 

e» « I 


ft 

ft 

psr 



1 

1.2282 

1.2104 

1356.0 

1.4172 

3236 

2 

1.2686 

1.2508 

1352.5 

1.3443 

3206 

3 

1.3100 

1.2922 

1349.4 

1.3010 

3132 


1.3527 

1.3349 

1346.5 

1.2603 

3178 

5 

1.3962 

1.37S4 

1344.0 

1.2311 

314S 

5 

1.4359 

1.4181 

1342.5 

1.2262 

3128 

7 

1.4767 

1.4589 

1340.0 

1.1383 

3123 

3 

1.5132 

1.5004 

1338.4 

1.1731 

3104 

9 

1.5605 

1.5427 

1336.5 

1.1637 

3080 

10 

1.6097 

1.5919 

1335.4 

1.1518 

3073 

11 

1.6485 

1.6307 

1334.1 

1.1537 

3062 

12 

1.6937 

1.6759 

1333.6 

1.1578 

3034 

13 

1.7343 

1.7165 

1332.3 

1.1661 

3026 


l.7"53 

1.7530 

1331.3 

1.1746 

3024 

15 

1.3177 

1. '999 

1331.3 

1.1334 

3GC2 

16 

l-ScW 

i.342S 

1330.3 

1.2033 

2984 

1 ^ 

1.3170 

1.S9G2 

1330. 4 

1.2075 

2932 

lS 

1.9489 

1.9311 

1330.0 

1.2274 

7974 

13 

1.9940 

1.9762 

1329.9 

1.2375 

2952 

20 

2.0334 

2.0155 

1329.4 

1.2456 

2933 

21 

2.0737 

2.0559 

1329.0 

1.2565 

2934 

22 

2.1146 

2.0968 

1323. 7 

1.2730 

2932 

23 

2.1559 

2.1381 

1323.6 

1.2921 

2918 


2.1977 

2.1799 

1328.4 

1.3012 

2358 

25 

2.2404 

2.2225 

1328.0 

i.3165 

2390 

26 

2.2840 

2.2562 

1327.9 

1.3346 

2394 

27 

2. 3280 

2.3102 

1327.7 

1.3338 

2384 

23 

2.3725 

2.3547 

1327.6 

1.3568 

2866 

28 

2.4177 

2.3999 

1326.9 

1.3593 

2352 

30 

2.4639 

2.4461 

1325.1 

? 

* • 

2S5G 

3^. 

_.:icc 

2.5003 

1325.3 

« • • 

iS4S 
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TABLE XI 


PRESTOfl-TUBE PRESSURE. EFFECTIVE CEi'iTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 70.725 


Case No. = 9 Xj^p = 0.9767 ft = 2.5189 ft 


No. 

ft 

X 

rtO 

psf 

''eff 

CfXlO 

1 

2.5224 

0.98019 

1754.3 

1.2495 

2536 

2 

2.5631 

1.02089 

1751.5 

1.2043 

2530 

3 

2.6042 

1.06199 

1745.9 

1.1035 

2625 

4 

2.6457 

1.10349 

1741.8 

1.0391 

2622 

5 

2.6876 

1.14539 

1738.4 

0.9868 

2516 

5 

2.7301 

1.18739 

1733.2 

0.9504 

2512 

7 

2.7730 

1.23079 

1731.5 

0.9213 

2608 

3 

2.8163 

1.27409 

1729.4 

0.9034 

2602 

9 

2.8601 

1.31789 

1727.1 

0.8775 

26C0 

10 

2.3981 

1.35589 

1726.0 

0.35^5 

2594 


2.9423 

1.4C059 

1724.5 

0.3447 

2590 

• ^ 

2.9880 

1.44579 

1723.2 

0.3325 

2534 

13 

3.0271 

1.48489 

1721.5 

0.321-1 

2530 

1- 

3.0666 

1.52439 

1721.5 

0.3047 

2576 

15 

3.1065 

1.56429 

1720.3 

0.3019 

2572 

16 

3.1535 

1.61129 

1719.8 

0.7955 

2568 

17 

3.1941 

1.65189 

1718.8 

0.7875 

2554 

18 

3.2352 

1.69299 

1713.3 

0.7373 

2560 

19 

3.2767 

1.73449 

1717.0 

0.7752 

2555 

20 

3.3115 

1.76929 

1715.7 

0.7765 

2554 

21 

3.3607 

1.31849 

1715.0 

0.774; 

254c 

22 . 

3.4105 

1.86829 

1715.3 

0.7729 

2544- 
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TABLE XII 


=RESTO.'l-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROSE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 21.318 


Case No. = 10 X..,p = 0.9383 ft X^^ = 1.2S13 ft 


No. 

• c 

ft 

^Pt 

pST 

^eff 

c^aIO' 

1 

1.2869 

0.94398 

1827.5 

1.3578 

3022 

2 

1.3228 

0.97988 

1819.7 

1.2391 

3006 

3 

1.3596 

1.01668 

1815.4 

1.1871 

2990 

4 

1.4066 

1.06368 

1809.0 

1.1098 

2970 

5 

1.4550 

1.11208 

1805.4 

1.0795 

2952 

6 

1.5046 

1.16168 

1801.6 

1.0455 

2932 

7 

1.5453 

1.20238 

1798.7 

1.0209 

2918 

3 

1.5869 

1.24398 

1796.2 

1.0028 

2902 

9 

1.6293 

1.28638 

1794.0 

0.9896 

2888 

10 

1.6836 

1.34C68 

1791.7 

0.9778 

2872 

11 

1.7281 

1.38518 

1789.7 

0.9674 

2858 

12 

1.7735 

1.43058 

1787.6 

0.9535 

2844 

13 

1.3198 

1.47688 

1786.2 

0.9506 

2830 

14 

1.8552 

1.51228 

1735.8 

0.9583 

2320 

15 

1.9032 

1.56023 

17S4.6 

0.9504 

2206 

16 

1.9522 

1.6092S 

1783.3 

0.9580 

2796 

* 7 

2. 0022 

1.65923 

1781.9 

0.954S 

2732 

is 

2.0532 

1.7 1028 

1780.5 

0.9517 

2758 

19 

2.0921 

1.74913 

1779.1 

0.9^48 

2758 

20 

2.1449 

1.30193 

1777.2 

0,9360 

2746 

21 

2.1852 

1.84228 

1775.4 

0.9340 

2736 

22 

2.2260 

1.88308 

1775.6 

0.9242 

2730 

23 

2.2675 

1.92458 

1774.1 

0.9277 

2720 

2<l 

2.3096 

1.96668 

1773.2 

0.9293 

2712 

25 

2.3523 

2.CC933 

1772.1 

0.9266 

2/C2 

25 

2.3956 

2.05253 

1771.5 

0.9343 

2692 

27 

2.4395 

2.09658 

1770.6 

(1.9330 

2534 

28 

2.4841 

2.14118 

1770.4 

0.9391 

2678 

29 

2.5293 

2.18638 

1769.1 

0.9337 

2670 

30 

2.5751 

2.23218 

1768.4 

0.9372 

2562 

31 

2.5216 

2.27868 

1757.2 

0.9399 

2656 

32 

2.6cSS 

2.3253S 

1757. -1 

0.9497 

26-8 


L m i 

2.35763 

1766,9 

C.952-: 

25-4 
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TABLE XII (Continued) 


Case No. = 10 = 0.9383 ft = 1.2313 f: 


No. 

ft 

'^0 

ft 

D 

Pt 

DSt 

'eff 

c^-xlO' 

34 

2.7439 

2.40598 

1756.2 

0.9516 

2540 

35 

2.7979 

2.45498 

1765.5 

0.9553 

2654 

36 

2.8476 

2.50468 

1764.9 

0.9609 

2625 

37 

2.8811 

2.53818 

1764.2 

0.9600 

2624 



TABLE XIII 


Hi 


PREST0N-TU8E PRESSURE. EFFECTIVE CE'TTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE COME FOR RUN 
NUMBER 41.548 


Case No. = 11 <^p = 0.7850 ft = 1.591i ft 


Mo. 

ft 

=^o 

ft 

- 

psf 

*'^aff 

c^xlO 

1 

1.5946 

0.78824 

2256.9 

1.2912 

2808 

2 

1.6346 

0.82824 

2248.9 

1.2256 

2790 

3 

1.6758 

0.86944 

2241.9 

1.1398 

2792 

4 

1.7176 

0.91124 

2236.3 

1.0804 

2778 

V 

1.7547 

0.94834 

2231.3 

1.0284 

2760 

6 

1.7927 

0.98634 

2228.5 

1.C090 

2752 

7 

1.8427 

1.03634 

2225.2 

0.4830 

2752 

8 

1.8821 

1.07574 

2222.6 

0.9646 

2736 

9 

1.9281 

1.12174 

2219.8 

0.9457 

2720 

10 

1.9694 

1.16304 

2213.1 

0.9386 

2724 

11 

2.0112 

1.20484 

2215,8 

0.9229 

2716 

12 

2.0537 

1.24734 

2214.1 

0.9168 

2598 

13 

2.0970 

1.29064 

2212.4 

0,9039 

2688 

14 

2.1413 

1.33494 

2211.2 

0.2052 

2592 

15 

2.1863 

1.37394 

2209.5 

0.3979 

2632 

15 

2.2252 

1.41S34 

2208.2 

0.3333 

2656 

, 1 

2.25i9 

i. 45554 

2207.0 

0.89C4 

2553 

18 

2.3055 

1.49914 

2205.5 

0.8832 

2552 

19 

2.3i66 

1.54024 

2204.7 

0.8824 

2652 

20 

2.5881 

1.58174 

.2203.7 

0.8842 

2546 

Z1 

2.4231 

1.51674 

2203.0 

0,8854 

2534 

22 

2.4659 

1.55954 

2201.4 

0.8768 

2530 

23 

2.5095 

1.70314 

2201.0 

0.3820 

2634 

2i 

2.5537 

1.74734 

2200.7 

0.8889 

2528 

25 

2.5983 

1.79194 

2199.4 

0.5650 

2616 

26 

2.6436 

1.S3724 

2198.6 

0.3374 

2502 

27 

2.6898 

1.88344 

2198.3 

0,8944 

2600 

28 

2.7289 

1.92254 

2197.1 

0.8880 

2602 

29 

2.7763 

1.96994 

2196.3 

0.8900 

2596 

30 

2.3242 

2.01734 

2195.0 

0.3542 

2534 
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TABLE XIII (Continued) 


Casa rio. 

= 11 

X;,p = 0. 

7350 ft 

^ea 

1.5914 ft 


Mo. 



'’pt 

'^eff 

c^-xlO® 


ft 


DSf 


l 

31 

2.8648 

2.05844 

2195.3 

0.S998 

2574 

32 

2. 9060 

2.09964 

2194.5 

0.3990 

2572 

33 

2.9479 

2.14154 

2194.1 

0.9025 

2575 

34 

2.9901 

2.18374 

2194.0 

0.9130 

2572 

35 

3.0241 

2.21774 

2192.7 

0.9046 

2564 

36 

3.0670 

2.26064 

2192.1 

0.9083 

2554 

37 

3.1106 

2.30424 

2191.6 

0.9117 

2546 

38 

3.1549 

2.34854 

2191.3 

0.9226 

2544 

39 

3.1998 

2.39344 

2191.0 

0.9279 

2548 

40 

3.2450 

2.43864 

2190.6 

0.9332 

2544 

41 

3.2906 

2.48424 

2190.0 

0.9389 

2534 
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TABLE XIV 


?=1EST0N-TUBE PRESSURE, EFFECTIVE CE'ITER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 57.632 


Case No. = 12 

X.,p = 

1.23917 ft 

■^eq ■ 

0.91733 ft 


No. 

K 

'^0 


>^eff 

CfXlO^ 


ft 

ft 

psf 



1 

0.9181 

1.2394 

1192.1 

1.0805 

3386 

2 

0.9611 

1.2824 

1137.1 

1.0353 

3342 

3 

1.0021 

1.3234 

1182.8 

0.9950 

3332 

4 

1.0442 

1.3655 

1175.4 

0.9283 

3290 

5 

1.0880 

1.4093 

1176.2 

0.9506 

3282 

5 

1.1289 

1.4502 

1173.9 

0.9402 

3243 

7 

1.1710 

1.4923 

1172.0 

0.9343 

3222 

3 

1.2146 

1.5359 

1170.4 

0.9315 

3214 

9 

1.2546 

1.5759 

1169.1 

0.9342 

3150 

10 

1.2959 

1.6138 

1157.8 

0.9366 

3164 

11 

1.3383 

1.6596 

1166.4 

0.9328 

3156 

12 

1.3815 

1.7028 

1165.1 

0.9353 

3122 

13 

1.4251 

1.7474 

1164.5 

0.9460 

3116 


1.4713 

1.7931 

1163.7 

0.9518 

3100 

^ * 

1.5132 

1.5345 

1163.1 

0.9625 

:c 7 o 

16 

1.5558 

1.3771 

1152.3 

0.9653 

3060 

'j 

1.5993 

1.9206 

1151.3 

0.9759 

3054 

13 

1.5435 

1.9649 

1151.4 

0.9S99 

3023 

19 

1.5889 

2.0102 

1150.3 

0.9995 

3012 

20 

1.7297 

2.0510 

1160.5 

1.0103 

3012 

21 

1.7709 

2.0922 

1160.3 

1.0216 

2996 

22 

1.3128 

2.1341 

1160.1 

1.0380 

2972 

23 

1.3557 

2.1770 

1160.0 

1.0565 

2954 

2A 

1.9C60 

2.2273 

1159.0 

1.0573 

2962 

25 

1.9440 

2.2653 

1158.0 

1.0649 

2945 

26 

1.9827 

2.3040 

1157.3 

1.0731 

2925 

27 

2.0221 

2.3434 

1155.8 

1.0889 

2918 

23 

2.0691 

1.3904 

1155.1 

1.0879 

2920 

29 

2.1167 

2.4380 

1155.0 

1.0751 

29C4 


z.iesc 

2.4793 

115-.3 

1.C912 

2E56 


2.300! 

2.5214 

'1 :- 1 

1.0953 

2875 


7 , 2-31 

2.5644 

1152.1 

1.0S60 

2373 

Zz 

2.2865 

2.5079 

1150.7 

1.0884 

2570 
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TABLE XV 


PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 72.748 
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I 

( 

I 


i 

Case No. = 13 Xj^jp = 0.9667 ft = 1.0689 ft 


No. 

ft 

X 

ri O 

psf 

^ff 

c.-xlO 

t 

1 

1.0714 

0.9692 

1602.3 

1.1976 

3122 

2 

1.1133 

1.0111 

1595.2 

1.1304 

3084 

3 

1.1568 

1.0546 

1588.1 

1.0621 

3076 

4 

1.1974 

1.0952 

1580.9 

0.9960 

3050 

3 

1.2349 

1.1327 

1578.1 

0.9353 

3024 

6 

1.2779 

1.1757 

1574.5 

0.9619 

3022 

7 

1.3217 

1.2195 

1571.0 

0.9425 

2990 

8 

1.3624 

1.2602 

1568.1 

0.9286 

2974 

9 

1.4042 

1.3020 

1566.0 

0.9209 

2970 

10 

1.4467 

1.3445 

1564.0 

0.9182 

2942 

11 

1.4904 

1.3882 

1561.7 

0.9103 

2926 

12 

' 1.5353 

1.4331 

1560.3 

0.9109 

2922 

13 

1.5758 

1.4736 

1558.1 

0.9030 

2898 

14 

1.6173 

1.5151 

1556.7 

0.0940 

2880 

ia 

1.6707 

1.5685 

1555.3 

0,9072 

2873 

16 

1.7140 

1.6113 

1554.0 

0.9C89 

2o3- 

1 7 
i. 4 

1.7534 

1.6362 

1552.7 

0.9123 

2335 

13 

1.7982 

1.6S60 

1551.9 

0.9158 

2S3S 

19 

1.8444 

1.7422 

1551.0 

0.9220 

2824 

20 

1.8854 

1.7832 

1549.9 

0.9242 

2802 

21 

1.9273 

1.8251 

1548.9 

0.9297 

2792 

22 

1.9702 

1.8680 

1548.2 

0.9291 

2796 

23 

2.0136 

1.9114 

1547.9 

0.9410 

2782 

24 

2.0576 

1.9554 

1547.0 

0.9456 

2752 

25 

2.1027 

2.0005 

1546.7 

0.9541 

27E5 

J5 

2.1487 

2.0455 

1546.3 

0.9621 

2753 

27 

2.1886 

2.0464 

1545.7 

0.9621 

2748 

28 

2.2357 

2.1335 

1544.6 

0.967S 

2723 

29 

2.2770 

2.1748 

1544.3 

0.9796 

2722 

30 

2.3191 

2.2169 

1544. 0 

1.9887 

2725 

31 

2.3617 

7 7Cq:; 

1543.5 

1.9943 


32 

2.4C47 

2.3C25 

1543.3 

1.CG3: 


TO 

2.44S4 

2.3452 

1343.3 

• “* 
1 C 'J C 

25r- 

3-1 

2.4930 

2.3908 

1543.3 

1.0323 

2592 

« 

2.5384 

2.4362 

1542.2 

1.0333 

2694 


2.5843 

2.4821 

1541.7 

1.04CS 

2585 


f 
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7A2LE XV! 


PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
C' THE 3RQ3E AND SKIN FRICTIO?! 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
HUMBER 19.289 


Case No. = lA X.jp = 0.9667 ft = 1.5673 ft 


No. 

•'c 

ft 

ft 

^Pt 

psf 

^eff 

c^xlQ- 

1 

1.S708 

0.9697 

1632.3 

1.5223 

2904 

2 

1.6124 

1.0113 

1523.3 

1.3852 

2898 

3 

1.6546 

1.0535 

1616.5 

1.2939 

2872 

4 

1.6923 

1.0912 

1611.1 

1.2248 

2860 

•> 

1.7421 

1.1410 

16C6.5 

1.1785 

2558 

6 

1.7814 

1.1803 

1602.4 

1.1345 

2324 

7 

1.8271 

1.2250 

1600.8 

1.1352 

2813 

8 

1.8631 

1.2670 

1598.0 

1.1089 

2314 

9 

1.9C99 

1.3083 

1595.1 

1.0852 

2812 

10 

1.9321 

1.3510 

1593.7 

1.0824 

- 2792 

11 

1.9951 

1.3940 

1592.4 

1.0814 

2776 

12 

2.0392 

1.4381 

1590.1 

1.0637 

2776 

13 

2.0S40 

1.4829 

1588.7 

1.0600 

2772 

14 

2.1294 

1.5283 

1587.3 

1.0575 

2752 

• 0 

2. 1755 

1.5745 

1585.1 

1.0599 

2740 

.6 

2.215: 

1.515C 

1533.7 

1.0209 

2738 

17 

2.2572 

1.5551 

1532.3 

1.0242 

2733 

13 

2.29=3 

1.6977 

1550.9 

1.0166 

2725 

19 

2.3409 

i.739S 

1579.9 

1.0130 

2710 

20 

2.3338 

1.7S27 

1578.0 

1.0099 

2704 

21 

2.4276 

1.8265 

1576.6 

0.9968 

2708 

22 

2.4719 

1.8708 

1575.2 

0.9912 

2702 

23 

2.5091 

1.9080 

1573.7 

0.9827 

2590 

24 

2.5545 

1.9534 

1572.3 

0.9743 

2576 

25 

2.5930 

1.9919 

1570.9 

0.9607 

2574 

25 

2.64C0 

2.0389 

1570.2 

0.9656 

2580 

27 

2.6875 

2.0864 

1568.0 

0.9486 

2672 

28 

2.7680 

2.1669 

1566.6 

0.9526 

2558 

29 

2.8092 

2.2081 

1565.9 

0.9532 

2650 

30 

2.8511 

2. 2500 

1564.9 

0.9493 

2545 
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TABLE <VI (Continued) 


Casa No. 

= 14 

Xj,,p = 0.9667 ft 

X^„ = 1.5573 ft 
eq 


No. 

X, 

ft 

ft osf 

'<sff 


31 

2.9019 

2.3CC3 

1554.3 

0.9549 

2548 

32 

2.9361 

2.3350 

1563.8 

0.9579 

2546 

33 

2.9792 

2.3731 

1563.0 

0.9618 

2638 

34 

3.0229 

2.4213 

1562.5 

0.9663 

2518 

35 

3.0674 

2.4663 

1562.2 

0.9734 

2518 

36 

3.1035 

2.5027 

1561.6 

0.9743 

2622 

37 

3.1489 

2.5388 

1561.0 

0.9797 

2614 

38 

3.1947 

2.3844 

1560.0 

0.9327 

2604 
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TABLE XVII 

PRESTGM-TU8E PRESSURE. EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 42.549 


Ciss No. = 15 X.,,p = 0.3105 ft = 1.5597 ft 


No. 

ft 

^0 

ft 

^t 

psf 

^eff 

c^xlO' 

1 

1.5678 

0.8136 

2008.35 

1.3354 

2800 

2 

1.6074 

0.8582 

1998.38 

1.2209 

2776 

3 

1.6479 

0.8987 

1991.25 

1.1492 

2766 

4 

1.6999 

0.9507 

1984.12 

1.0850 

2764 

5 

1.7422 

0.9930 

1979.84 

1.0539 

2744 

5 

1.7854 

1.0362 

1975.57 

1.0214 

2730 

7 

1.3298 

1.0306 

1971.29 

0.9839 

2734 

8 

1.8692 

1.1200 

1963.44 

0.9713 

2722 

9 

1.9150 

1.1658 

1965.30 • 

0.9525 

2702 

iO 

1.9550 

1.2063 

1962.74 

0.9335 

2596 


11 

2.0160 

1.2668 

1959.88 

0.9259 

2694 

12 ' 

2.0586 

1.3094 

1958.46 

0.9252 

2676 

13 

2.1022 

1.3530 

1956.32 

0.9171 

2664 

14 

2.1467 

1.3975 

1954.32 

0.9067 

2668 

15 

2.1354 

1.4362 

1953.04 

0.9038 

2562 

.6 

2.2245 

1.4753 

1952.04 

C.9C50 

2548 

17 

2.2710 

1.5212 

1950.05 

0.3954 

2636 

.3 

2. 2117 

1.5625 

1949.19 

0.3963 

2534 

19 

2.3669 

1 .5177 

1947.77 

0.6947 

2532 

20 

2.4088 

1.6595 

1947.05 

0.8986 

2520 

21 

2.4513 

1.7021 

1945.63 

0.8981 

2506 

22 

2.4947 

1.7455 

1944.20 

0.8958 

2604 

' 23 

2.5389 

1.7897 

1943.49 

0.8955 

2610 

24 

2.5836 

1.8344 

1942.78 

0.9018 

2600 

25 

2.5287 

' 1.8795 

1941.54 

0.9G25 

2534 

Z5 

2.5747 

1.9253 

1941.07 

0.9059 

2530 

4 

2.7216 

1.9724 

1940.07 

0.9051 

2578 

28 

2.7931 

2.0439 

1939.21 

0.9140 

2576 

29 

2.3333 

2.0841 

1938.64 

0.9184 

2566 

30 

2.3740 

2.1248 

1938.22 

0.9249 

25:4 

-/ 31 

2.9154 

2.1662 

1937.22 

0.9237 

2550 

t iz 

2.9575 

2.2C83 

1936.93 

0. 93C2 
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TABLE (VIII 

PREST0N-TU6E PRESSURE. EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 56.531 


Case No. 

n 16 


1.3133 ft 

'^eq 

0.6993 ft 


No. 

■'c 

=<o 


*^eff 

CfXl0“ 


ft 

ft 

PSf 



1 

0.7009 

1.3199 

1055.9 

0.3198 

3523 

w 

0.7418 

1.3603 

1050.9 

0.7954 

3492 

3 

0.7814 

1.4004 

1046.6 

0.7750 

3454 

4 

0.8227 

1.4417 

1043.3 

0.7678 

3420 

5 

0.8623 

1.4813 

1040.3 

0.7601 

3385 

6 

0.9034 

1.5224 

1033.6 

0.7629 

3362 

7 

0.9424 

1.5614 

1036.6 

0.7631 

3324 

8 

0.9830 

1.6020 

1035.2 

0.7649 

3314 

9 

1.0245 

1.6435 

1033.4 

0.7672 

3270 

10 

1.0679 

1.6869 

1031.8 

0.767'? 

3262 

11 

1.1083 

1.7273 

1030. -1 

0.77C4 

3220 


1.1542 

1.7732 

1029.4 

0.7'Sc 

::co 

13 

1.1930 

1.3120 

1023.3 

0.7824 

3194 

14 

1.2370 

1.3560 

1027.4 

0.7895 

3156 

15 

1.2781 

1.8971 

1026.4 

0.7955 

3150 

16 

1.3201 

1.9391 

1026.1 

0.8012 

3132 

17 

1.3630 

1.9820 

1024.8 

0.8098 

3100 

13 

1.4073 

2.0263 

1024.7 

0.8235 

3096 

19 

1.4476 

2.0666 

1024.2 

0.3323 

3080 

20 

1.4886 

2.1075 

1023. J 

0.3391 

3050 

71 

1.5307 

2.1497 

1022.5 

0.8429 

304C 

22 

1.5739 

2.1929 

1021.7 

0.8460 

3036 

23 

1.6177 

2.2367 

1021.4 

0.8596 

3010 

24 

1.6569 

2.2759 

1022.4 

0.8701 

2992 

25 

1.7146 

2.3336 

1020.5 

O.SS04 

2990 

25 

1.7556 

2.3'-J6 

1020.2 

0.8925 

2Q-Q 
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TABLE XIX 


PREST0N-TU8E PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER •13.550 


Cas5 No. 

= 17 

Y = 

•\mp 

0.9525 ft 

'^eq ■ 

2.8075 ft 


No. 

•/ 

''c 


’’pt 

''eff 

c,:Xl0® 


ft 

ft 

psf 



1 

2.3133 

0.9583 

1786.30 

1.2222 

2514 

2 

2.3568 

1.0018 

1767.98 

1.0066 

2506 

3 

2.9008 

1.0458 

1778.67 

1.1473 

2494 

4 

2.9-157 

1.0907 

1775.11 

1.1182 

2488 

w 

2.9851 

1.1301 

1765.70 

1.0164 

2488 

5 

3.0250 

1.1700 

1770.83 

1.0863 

2488 

7 

3.0650 

1.2100 

1768.69 

1.0707 

2484 

3 

3.1052 

1.2502 

1766.70 

1.0578 

2478 

9 

3.1457 

1.2907 

1765.27 

1.0522 

2468 

10 

3.1369 

1.3319 

1763.70 

1.C453 

2462 

11 

3. 2259 

1.3739 

1762.28 

1.0420 

2453 

• 0 

:.2716 

1.4156 

1760.35 

1.0350 

2460 

4 J 

3.3291 

1.4741 

1750.14 

1.0388 

24=6 


3.3'24 

1.51'4 

1758.00 

1.0245 

2450 

15 

3.-1159 

1.5509 

1757.29 

1.0262 

2440 

16 

3.4601 

1.6051 

1755.36 

1.0234 

2434 

17 

3.5123 

1.6578 

1754.72 

1.0207 

2432 

IS 

3.5588 

1.7038 

1753.73 

1.0181 

2432 

19 

3.6129 

1.7579 

1751.87 

1.0072 

2432 

20 

3.5517 

1.7969 

1751.59 

1.0135 

2425 

21 

3.59CC 

1.8355 

1751.02 

1.0168 

2420 

22 

3.7373 

1.S823 

1750.30 

1.02C0 

2412 

23 

3.7778 

1.9228 

1749.38 

1.0266 

2406 

2<l 

3.8184 

1.9634 

1749.02 

1.0274 

2406 

25 

3.5679 

2.0129 

1748.59 

1.0330 

2406 

25 

3.9251 

2.0711 

1747. 5C 

1.0329 

24CJ 
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TABLE a ‘ 

PRESTOfl-TUBE PRESSURE. EFFECTIVE CENTER 
OF THE PROBE AMD SKIM FRICTION 
COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 
NUMBER 15.231 


Case Mo. 

= 13 

^I'.P " 

1.0333 ft 

'en - 

1.3595 ft^ 


Mo. 


''o 


1/ 

^eff 

CfXlO° 


ft 

ft 

psf 



1 

1.8633 

1.0371 

1370.72 

1.4120 

2780 

2 

1.9049 

1.0787 

1362.16 

1.3002 

2762 

3 

1.9475 

1.1213 

1354.32 

1.2073 

2756 

4 

1.9910 

1.1648 

1349.47 

1.1587 

2754 

5 

2.0349 

1.2087 

1345.05 

1.1152 

2736 

6 

2.0716 

1.2534 

1341.49 

1.0875 

2720 

7 

2.1254 

1.2992 

1337.21 

1.0490 

2716 

3 

2.1654 

1.3392 

1334.36 

1.0267 

2716 

9 

2.2057 

1.3795 

1331.51 

1.0037 

2704 

10 

2.2466 

1.4204 

1329.65 

0.9945 

2688 

11 

2.2883 

1.4621 

1327.66 

0.9827 

2632 

12 

2.3308 

1.5046 

1325.24 

0.9658 

2686 

13 

2.3738 

1.5476 

1323.67 

0.9558 

2678 

14 

2.4173 

1.5911 

1322.24 

0.9500 

2564 

T ^ 

* w 

2.-1615 

1.5355 

1320.53 

0.9444 

2652 

16 

2.5143 

1.5881 

1318.25 

0.9344 

2648 

• -r 

2.5835 

1.7573 

1315.54 

0.9300 

2644 

IS 

2.6224 

1.7962 

1315.12 

0.9228 

2634 

19 

2.5618 

1.8356 

1313.98 

0.9198 

2622 

20 

2.7019 

1.8757 

1312.98 

0.9182 

2618 

21 

2.7591 

1.9329 

1311.84 

0.9160 

2620 

22 

2.8087 

1.9825 

1310.84 

0.9147 

2614 

23 

2.8505 

2.0293 

1309.41 

0.9079 

2602 

24 

2.8928 

2.0666 

1308.13 

0.9025 

2592 

25 

2.9359 

2.1097 

1307.23 

0.9005 

2585 

25 

2.9885 

2.1523 

1306.71 

0.9078 

2590 

27 

3.0417 

2.2155 

1305.35 

0.9085 

2534 

28 

3.0864 

2.2602 

1304.42 

0.9015 

2574 

29 

3.1317 

2.3055 

1303.71 

0.9043 

2562 

30 

3.1778 

2.3516 

1302.71 

0.9058 

2553 

31 

3.2152 

2.3890 

1301.57 

0.90:2 

ozzz 

22 

5.252: 

2.4353 

1300.15 

0, 

c w C . 

35 

3.3CC6 

2.4744 

1289.29 

0.9045 



3.3486 

2.5224 

1296.53 

0.8938 

2545 

35 

3.3972 

2.5710 

1296.15 

0.S86C 

2534 
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TABLE XXI 


PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIM FRIQTIOM 
COEFFICIENT ALONG THE SURFACE ‘ ^ 
OF THE COME FOR RUN 
NUMBER 44.551 


Casa No. = 19 Xj^p = 0.85917 ft = 1.8964 ft 


No. 

ft 

ft 

'’pt 

psf 

Sff 

c^xlO 

1 

1.9007 

0.8635 

1713.45 

1.1369 

2678 

2 

1.9413 

0.9041 

1706.32 

1.0801 

2660 

3 

1.9827 

0.9455 

1699.08 

1.0203 

2652 

4 

2.0251 

0.9879 

1691.35 

0.9595 

2656 

5 

2.0680 

1.0308 

1685.94 

0.9226 

2644 

6 

2.1052 

1.C680 

1682.09 

0.8985 

2623 

7 

2.1496 

1.1124 

1677.81 

0.8738 

2620 

8 

2.1951 

1.1579 

1673.53 

0.8493 

2622 

9 

2.2345 

1.1973 

1670.63 

0.8351 

2516 

10 

2.2743 

1.2371 

1668.55 

0.82S2 

2602 


2,3149 

1.2777 

1665.69 

0.8141 

2590 

12 

2.3563 

1.3191 

1663.56 

0.8034 

2588 

13 

2.4196 

1.3824 

1660.42 

0.7905 

2586 

14 

2.4623 

1.4251 

1658.57 

0.7851 

2572 

15 

2.5058 

1.4686 

1656.43 

0.7792 

2560 

16 

2.5429 

1.5057 

1655.29 

3.7769 

2552 

A t 

2.5377 

1.5505 

1653.36 

0.7743 

2564 

m 0 

2.5331 

1.5959 

1652.15 

0.7690 

2555 

19 

2.6714 

1.6342 

1561.15 

0.7596 

2546 

20 

2.7131 

1.6309 

1649.58 

0.7686 

2534 

21 

2.7577 

1.7205 

1649.30 

0.7748 

2530 

22 

2.8060 

1.7688 

1648.02 

0.7727 

2534 

23 

2.8465 

1.8094 

1647.16 

0.7730 

2528 

24 

2.8959 

1.8587 

1646.45 

0.7772 

2516 

25 

2.9376 

1.9004 

1645.31 

0.7770 

2506 

26 

2.9799 

1.9427 

1645.02 

0.7826 

2502 

27 

3.0229 

1.9857 

1644.50 

0.7863 

2504 

23 

3.0752 

2.0380 

1643.88 

0.7899 

2500 

29 

3.1191 

2.0819 

1643.60 

0.7963 

2492 

30 

3.1635 

2.1263 

1642.88 

0.7994 

2480 

31 

3. 2086 

2.1714 

1641.89 

0.7995 

2474 

12 

3.2544 

2.2172 

1641.74 

C.8C61 

2474 

33 

3.3GC5 

2.2533 

1541.46 

0.5119 

L*t » ^ 

34 

3 . 34 -S 

2.31C5 

1640.75 

0.3151 

2470 

35 

3.3950 

2.3573 . 

1640.46 

0.8226 

2460 

35 

3.4429 

2. 4057 

1640.03 

0.82S8 

2450 
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